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ON THE EXTRACTION OF A SUBSTANCE FROM THE 
SPERM OF A SEA-URCHIN (STRONGYLOCENTROTUS 
PURPURATUS) WHICH WILL FERTILIZE THE EGGS 
OF THAT SPECIES 

Bi T BRAILSFORD ROBERTSON 

( From the Rudolph Sprcchcls Physiological Laboratory of the University of 

California ) 

(Rccencd for publication, March 14, 1912 ) 

From time to time various unsuccessful attempts have been 
made to extract a substance from sperm which will fertilize eggs of 
the same species All of these attempts, as Loeb has pointed out, 1 
have either been unsuccessful or else open to the criticism that live 
sperm were present or that the sea water m which the extract 
was dissolved was hypertonic or hyperalkalme and thus brought 
about artificial parthenogenesis 

I have recently succeeded m extracting a substance from the 
sperm of Strongylocentrotus purpuratus, which is capable of ferti- 
lizing the eggs of that species, by a method which is not open to 
these criticisms In my first experiment I proceeded as follows 
Eighteen testes from mature males of Strongylocentrotus pur- 
puralus were 1 immersed m 65 cc of distilled water and allowed to 
stand in ice for two or three days To this mixture were then added 
165 cc of distilled v'ater The total volume of the mixture was 
now 340 cc To this mixture were added a few cubic centimeters 
of ether in order to complete the cytolysis of the cells and the mix- 
ture was allowed to stand at room temperature for about one 
hour, being thoroughly shaken from time to time by hand To 
this were then added 40 cc of y NaCl, thus rendering it isotomc 
with sea water, and the mixture was then shaken very thoroughly 

1 J Loeb Die chemiscke EnlwicMungserregung des tienschen Exes, Berlin, 
1909 
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and allowed to stand at room temperature over night The 
following morning the mixture was again shaken and then very 
thoroughly centrifuged until a perfectly clear fluid layer was 
obtained, floating above the residue This clear, brownish fluid, 
upon which were floating a few fragments of connective tissue, 
was then filtered Filtration was very 7 rapid and a clear, brownish, 
very slightly opalescent filtrate w as obtamed of which the volume 
was 200 cc To this were added 600 cc of acetone A copious 
flocculent precipitate resulted which was collected on a hardened 
filter, washed in 500 cc of alcohol twice, and then twice in 500 cc 
of ether 2 and then left to dry over H ; SO< m an incubator at 36° 
for twelve hours 

The product was a pale violet, lightly caked powder It was 
pulverized and sifted through a very fine sieve and then dried 
further over HjSCh at 37° for three days About 1 gram of mate- 
rial was obtamed 

One-quarter gram of this material was rubbed up to a paste with 
a little filtered seawater and the volume was then made up to 50 
cc with sea water and the mixture thoroughly stirred and allowed 
to stand at room temperature for one hour A considerable pro- 
portion of insoluble residue which was purple m color remained, 
this w as centrifuged off and a clear, pale yellowish, slightly opales- 
cent fluid was obtained This fluid was diluted to one, one-half, 
one-fourth and one-sixteenth wnth sea water 

To 2 cc of each of these mixtures were added 2 drops (A) of the 
the npe eggs of Strongylocentrolus purpuratus which had not under- 
gone previous treatment of any kind save that of washing in sea 
water or (B) of the eggs of the same female which had been pre- 
viously treated by four minutes’ immersion m ^ SrCl 2 The follow- 
ing were the results obtained 


- These washings were conducted within the incubator over HjSCb in order 
to avoid the deposition of atmospheric moisture upon the filter The same 
remark also applies to the preparations described below 
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THE origin 

EFFI CT ON J 009 NOT PIIE\ IOUSLT 

EFFECT ON LOOS PRF\ IOU6LY TREATED 

solution or { 

sri RM EVTUACT 

i 

TRI ATED 

| 

with SrCh 

i 1 

Distinct spherical membranes 

In twenty minutes distinct 

1 

on a number in fifteen min- 
utes In fort} minutes 100 
per cent lime formed mem- 
branes 

spherical membranes on 100 
per cent 

i 

In forta -fi\ e minutes no mem- 
branes had formed 

In seven minutes membranes 
beginning m several In 
tlurtj minutes 30 per cent 
haa e membranes In 40 min- 
| utes, 44 per cent 

i 

i In fortj -five minutes no 
effects 

! 

In tlurtj minutes about 30 per 
cent have perfect spherical 
membranes 

i 

In fortj -fi\e minutes no 
effect 

In thirty minutes several have 
! perfect membranes 

A 

In fortj -the minutes no 
effect 

, In fifteen minutes blisters or 
j thin membranes on many of 
, the eggs 


A repetition of the experiment yielded identical results 
From these results I was at first inclined to conclude that I had 
succeeded m extracting the fertilizing agent from sperm My 
colleague, Dr A E Moore, however, who repeated these experi- 
ments 3 and confirmed them, pointed out to me that the membranes, 
at any rate those which were formed by unsensitized eggs, were 
certainly not true fertilization membranes, for they were permeable 
to sperm and, after a considerable delay, the true fertilization 
membrane was -formed by sperm underneath them They ap- 
peared, therefore, to be formed by a modification of the zona 
pellucida of such a nature as to render it readily visible, and to 
be analogous to the “Pseudo-membrane” described by Loeb 4 
This conclusion received further support from the fact that the 
eggs upon which these pseudo-membranes had been formed did 
not undergo cleavage upon standing 
From numerous experiments upon the fertilization of eggs by 

* Employing sperm, not spermanes 
4 J Loeb Arch f d ges Physiol , cwiv, p 48, 1908 
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sera I have gathered the impression that the formation of pseudo- 
membrane is a process closely connected with that of true mem- 
brane-formation 5 6 Moreover these extracts agglutinated the eggs 
and I have found that agglutination frequently accompanies fer- 
tilization It accordingly appeared to me quite possible that sperm 
extract prepared in the above manner contained a trace of the fer- 
tilizing agent but that some detail m the method of extraction was 
responsible for its incompleteness 

In seeking for a reason for my failure to completely extract 
the fertilizing agent from sperm it occurred to me that the fertiliz- 
ing agent m blood-sera is precipitated or at any rate rendered 
sparingly soluble by calcium salts 6 If, therefore, as seems very 
probable, the fertilizing agent m sperm is identical with that which 
is found m blood-sera, the presence of calcium salts m the fluid 
employed to extract the fertilizing agent might be expected to 
hinder or even altogether prevent the extraction Now the sperm, 
in the experiments described above and m Dr Moore’s experi- 
ments, were suspended m sea-water and distilled water was added 
to this suspension in order to cytolyze them, consequently the fluid 
employed to extract the fertilizing agent contained calcium salts 
derived from sea-water It therefore appeared possible that the 
associated sea-water was responsible for the failure to completely 
extract the fertilizing agent This deduction I was able to confirm 
m the following manner 

A The sperm of sixteen purpuratus males, thickly suspended in sea- 
water, were dropped into 100 cc of distilled water to which had been added 
a few cubic centimeters of ether This mixture stood on ice for tw o daj s and 
at room temperature for some hours, being shaken from time to time The 
total volume of the mixture was 190 ce To this w ere then added 18 cc of 
NaCl and a few more cubic centimeters of ether The mixture was shaken 
well and allowed to stand at room temperature for twelve hours The mix- 
ture w as then centrifuged and the supernatant fluid filtered The volume of 
the filtrate was 128 cc To this were added 64 cc of 7 per cent BaCI: and the 
mixture was centnfuged A copious membranous white precipitate settled 
to the bottom of the centrifuge tubes This precipitate was drained thor- 
oughly, then suspended in 200 cc of 2 per cent BaCls and centnfuged again 


5 Thus a sample of undiluted blood serum, isotonic with sea-water, which 
failed to fertilize sea-urchin eggs will, nevertheless, after one to two hours, 
frequently cause the appearance of “pseudo-membrane” upon the eggs 

• Cf T Brailsford Robertson This Journal, xi, p 339, 1912 
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The precipitate, after draining thoroughly, was stirred up rapidly in 100 cc 
of xy HC1 for one hour Little or none of the precipitate appeared to dis- 
sohe To this mixture i\as added 5 cc of 10 per cent Na 2 SO<, the mixture 
« ns then centrifuged and the fluid filtered To the filtrate, which contained 
no barium, were added 400 cc of acetone, no precipitate resulted, the mixture 
remaining perfectly clear On standing overnight a very small trace of a 
flocculent precipitate settled out, which was too small to collect 

F rom tins experiment we may conclude, therefore, that sea-water, 
even when considerably diluted with distilled water does not extract 
from sperm any appreciable quantity of a substance precipilable by 
barium, soluble in HCl and precipitable from this solution by four 
volumes of acetone 

B The spermancs of to enty-four purpuratus males were cut up and sus- 
pended in 1 100 cc of sea-water The thick suspension of sperm thus obtained 
was filtered through cheese-cloth and then centrifuged until the sperm col- 
lected in the bottom of the centrifuge tubes m the form of a thick cake which 
could be drained thoroughly without loss of sperm These were then sus- 
pended m 400 cc of 5? NaCl and left upon ice overnight The following 
morning this mixture was centrifuged and the supernatant fluid was drained 
off The sperm were then again suspended in 400 cc of ^ NaCl, centrifuged 
and drained They were then suspended in 400 cc of distilled water con- 
taining 5 cc of ether, shaken very thoroughly and left to stand at room tem- 
perature overnight 

The following day I added to this mixture 100 cc of ^ NaCI The final 
volume of the mixture was 025 cc I added 5 cc more of ether, shook well, 
and allowed the mixture to stand at room temperature for half an hour 
The mixture was then centrifuged and the supernatant fluid filtered The 
very opalescent filtrate measured 390 cc To this I added 200 cc of 7 per 
cent BaCL No precipitate resulted, but the opalescence of the mixture 
was markedly increased I then placed the mixture in an incubator and 
heated it to 50° to 55°C for one and one-half hours at the end of which time 
a copious flocculent prec ipitate had formed The mixture was now allowed 
to stand on ice overnight 

The following day the mixture was centrifuged The precipitate was 
suspended in 200 cc of 2 per cent BaCl and again centrifuged This wash- 
ing was repeated The mixture was then suspended m 100 cc of ^ HCl 
The greater part of the precipitate appeared to be coagulated or curdled 
by the acid The mixture was stirred for one hour, 10 cc of 10 per cent Na 2 SO< 
were added, the mixture was allowed to stand on ice overnight, and then 
filtered To the clear white filtrate which was freed from barium, I added 
four volumes of acetone A very considerable flocculent white precipitate at 
once came down This precipitate was collected on a hardened filter, washed 
in 500 cc of alcohol in several portions, and in 100 cc of ether and dried 
over H-SO t at 37 C C overnight 
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The residual portion of the barium precipitate which was insoluble in 
dilute acid, was very considerable in amount Without washing, I allowed 
it to drain thoroughly and then scraped it off the filter-paper, suspended it 
in 100 cc of KOH, and shook the mixture thoroughly After allowing 
the mixture to stand for three hours I centrifuged it and filtered the super- 
natant fluid Only a very small residue remained, obviously BajSOi, and 
the filtrate was opalescent and yellowish m color To this I added four 
volumes of acetone A heavj, yellowish, coagulum-hkc precipitate formed 
at once, which rolled up into one lump on gcntlj shaking the vessel, like 
gluten or freshly-precipitated rubber This was collected upon a hardened 
filter, washed with alcohol and ether and dried o\ er Ii 2 SOi at 37° overnight 

From this experiment we may conclude, therefore, that dihde NaCl 
sohdion which is not contaminated by sea-water will extract from sperm 
two substances which are prccipilable by BaCU and by acetone, the one 
being soluble m -fr HCl, the other insoluble in A II Cl but soluble in 
ft KOH 

The following day the acid-soluble substance was found to have 
dried in friable white flakes which were readily pulverized, 190 
mgms of this substance being obtained The alkali-soluble sub- 
stance had dried in a homy, brownish cake which was pulverized 
with difficulty, this product weighed 320 mgms 

After thorough pulverization the powders were spread out in 
thin layers over H 2 SO ( at 37° and dried for a week I have re- 
peatedly found that dry pulverized proteins, prepared by washing 
m alcohol and ether, and spread out in thm layers over H SO< at 
37° lose weight shghtly for twenty-four hours and after forty-eight 
hours contain no trace of ether or alcohol The products vere 
therefore certainly free from these reagents Careful flame-tests, 
both before and after moistening with nitric acid, failed to reveal 
the presence of the slightest trace of barium in either of them 

Thirty-eight milligrams of each of these substances were dissolved, the 
acid-soluble substance in C 5 cc of J HCl, and the alkali-soluble substance 
in 6 5 cc ofNaOH The acid-soluble substance dissolved readily and com- 
pletely, the alkali-soluble substance slowly and incompletely Both solu- 
tions were neutralized, the one by the addition of 6 5 cc of J NaOH and the 
other by the addition of 6 5 cc of HCl Both solutions, after neutraliza- 
tion, were somewhat opalescent Both solutions were rendered isotonic 
with sea-water by the addition of 2 cc of ™ NaCl and were then diluted to 
one, one-half, one-fourth, and so forth, by successive additions of filtered 
sea-water, forming solutions containing one part of the substance to 400, 
800, 1600, and so forth, of solvent 
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rnoroRTiov or 
SOOTTANCr iv 
■ntr MivTtmi 


1 100 


1 SOO 


I 1000 


1 3200 


rrrncr ov \ aas not the 
\ IOUBLT TnrATED 
— - — ~ 
Eggs agglutinated* ^ 
within one minute 
After t\\ o hours clear 
hjaltne “pseudo- 
mem hranc” with 
\crj indistinct out- 
lincssurroundcd each 
egg These were at 
once penet rated by 
sperm but the under- 
lung eggs were not 
fertihzablc by sperm 
Eggs agglutinated No 
other effect in two 
hours 

I 

i 

1 

I 

Slight agglutination i 
No other effect in tw o 
hours I 


No effect after two | 
1 hours Then treated j 
i with sperm the eggs ! 

formed fertilization 
I membranes after a 
i very noticeable delay 
I (fourtofive minutes) 1 


1 FFECT ON EOtlB PnEVIOLSUl TREATED 

W ITU SfCll 


Eggs agglutinated* within one min- 
ute Blisters formed on a number 
in twenty minutcB 100 per cent 
distinct but very narrow mem- 
branes in two hours 


Eggs agglutinated In forty min- 
utes irregular cloudy membranes 
on 50 per cent and cytolysis pro- 
ceeding in these In two hours 
100 per cent membranes and a few 
cy tolyzed 

Eggs agglutinated In twenty min- 
utes discrete blisters upon the sur- 
faces of some of the eggs In 
thirty minutes some have laige 
blisters and many hate distinct 
membranes In fifty minutes 50 
per cent have complete membranes 
and cytolysis is indicated by gran- 
ular matter contained m all of 
these membranes In one hour 
100 per cent have membranes, 
many of them being clear and hy a- 
line, others cloudy In tw o hours 
a few per cent have been cytolj zed 
into “shadows ” 

Very slight agglutination In fortv 
minutes 50 per cent have mem- 
branes, slight cytolysis in all of 
these In one hour 100 per cen i 
had membranes These mem 
branes were then tested and found 
to be impermeable to sperm 


That is clotted or stuck together in clumps Cf T Brailsford Robertson, loc cil 
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The acid-soluble substance — continued 


PROPORTION OF 
SUBSTANCE IN | 
THE MIXTURE , 

EFFECT ON EGOS NOT PRE- 
\ IOUSLT TREATED 

EFFECT ON EGGS PRE\ IOU8LT TREATED 
WITH SrCli 

1 6400 1 

No effect after two 

No agglutination In forty minutes 

1 

1 

1 

1 

hours 

18 per cent of cloud} membranes 
In two hours o\er 80 per cent had 
membranes and some of these were 
beginning to cytoljze, about 5 per 
cent were c} tol} zed into “shad- 
ows ” 

I 12,800 i 

No effect after two 

In fort} minutes man} serrated 

1 

hours 

membranes or membranes m the 
blister stage In these latter the 
membranes were h> aline, but as 
soon as the} became complete an 
influx: of granular material was 
recened from the egg, rendering 
the membrane slightly opaque 
In two hours 0 per cent conierted 
into “shadows” and o\er 50 per 
cent had membranes 


The alkali-soluble substance 


PROPORTION OF 
SUBSTANCE IN 
THE MIXTURE 

EFFECT ON EGGS NOT PRE- 
> IOUSLT TREATED 

EFFECT ON EGGS PREVIOUSLY TREATED 
WITH SrCIj 

1 400 

No effect in two hours 

No effect in two hours 

1 800 

No effect in two hours 

A few eggs ha\ e small blisters in two 
hours, none ha\e membranes and 
none are C}tol}zed 

1 1600 

No effect m two hours 

No effect in two hours 

1 3200 

No effect in two hours 

No effect in two hours 

1 6400 

No effect in tw o hours 

No effect in one hour In two hours 
1 or 2 per cent have membranes 
and these eggs are in some cases 
c} tol} zed 

1 12,800 

No effect in two hours 

No effect in one hour In two hours 
1 or 2 per cent have membranes 
and these eggs are in some cases 
c} tol} zed 
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lo 2 cc of each of these mixtures were added two drops (A) of the npe 
eggs of StronQi/loccntrotus purpuratus, which had not undergone previous 
treatment of anj kind sale that of washing in sea-water or (B)of the eggs of 
the same female which had been prenousiy treated by four minutes’ immer- 
sion in SrCU The results obtained arc tabulated on pp 7 and 8 

Eggs of the same female sensitized by four minutes' immersion 
m SrCU and then dropped into sea-water (two drops to 2 cc ) 
were unaffected after two hours 

The strontium chloride introduced with the eggs precipitated 
both substances and the eggs were, especially in the stronger solu- 
tion, surrounded by particles of precipitate which, however, was 
not sufficiently dense in any case to hide the periphery of the eggs 
from new 

We see, therefore, that the acid-soluble substance is a powerful 
fertilizing, agglutinating, and cytolyzing agent, whereas the alkali- 
soluble substance is devoid of any action which is not obviously 
attributable to slight contamination with the acid-soluble substance 
This fact proves, if further proof were necessary, that the observed 
action of the acid-soluble substance is not due to contamination of 
the substance with the reagents employed to isolate it, for the 
treatment accorded to the two substances differed only m this 
that the one w r as dissolved m acid, wffiile the other was dissolved m 
alkali 

As I have mentioned, the “pseudo-membrane” which were 
formed by my first sperm-extract, differed from true fertilization- 
membranes not only m being permeable to sperm but in the fact 
that their formation did not lead to cleavage of the egg It 
appeared very desirable, therefore, to ascertain whether or not 
the membranes formed by the action of the new sperm-extract led 
to cleavage of the egg Accordingly 15 mgms of the acid-soluble 
substance were dissolved m 3 cc of HCI, the solution was neu- 
tralized by the addition of 3 cc of £ NaOH and rendered isotonic 
with sea-water by the addition of 0 9 cc of nr NaCl This mix- 
ture was then diluted to 50 cc by the addition of filtered sea-water 
The eggs of a purpuratus female were immersed for four minutes m 
nr SrCl 2 and then transferred to this mixture The eggs w r ere 
speedily and markedly agglutinated and m twenty-five minutes 
about 10 per cent had cloudy membranes In forty minutes 80 
per cent had membranes, and many of these w r ere clear and hya- 
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line The eggs were then transferred to 50 cc of normal sea-w ater 
and left therein for ten minutes One sample was then trans 
ferred to fresh sea-w atcr (50 cc ) and the remainder to hypertonic 
sea-water (50 cc sea-waiter + 8 cc of nr NaCl) The immediate 
effect of the hypertonic sea-water was to de-agglutmate the eggs 
After forty, fifty, and sixty minutes, respectively, samples of the 
eggs w r ere transferred from the hypertonic sea-w r ater to normal 
sea-water (50 cc ) They w ere then left m shallow' vessels at room 
temperature overnight After twenty-four hours it w r as found 
that, m all cases, both with and without treatment with hypertonic 
sea-water, about 50 per cent of the eggs had undergone division, 
and these were in every stage of division from the 2- to the 64-cell 
stage Division had, however, proceeded very irregularly and 
was accompanied by cytolysis which was most marked m the eggs 
which had not been treated with hypertonic sea-w'ater A further 
lapse of twenty-four hours only resulted in more extreme e\ tolysis 
The substance, therefore, is markedly poisonous for the eggs, in 
w'hich respect its action strongly resembles that of saponin 7 
The reasons for the failure of previous observers to extract 
the fertilizing agent from sperm are now r clear It is evident that 
it is necessary to wash the sperm free from sea-water before com 
plete extraction is possible, and moreover, m order to obtain the 
most intense action it is necessary to supply not only the fertilizing 
but also the mottle function of the sperm, 8 by carrying over the 
fertilizing agent into the egg through impregnation of the egg with 
a substance (SrCl 2 ) which forms an insoluble compound with it 
and thus precipitates it upon the egg much as a mordant precipi 
tates a dye upon a textile fabric 

We have seen that the fertilizing agent in sperm is precipitable 
by barium, strontium, and acetone, and is soluble m dilute acids 
I have also found that it is thermostable, resisting an hour’s expo 
sure to 55°C I have previously shown 9 that the fertilizing agent 
m blood-sera is precipitable by barium, strontium, and acetone 
and is soluble in dilute acids Loeb has shown, 10 and I ha\ e con 

7 Cf J Loeb Die chemische Enlwicklung des tierschen Exes, Berlin, 1909, 
p 134 

8 J Loeb loc cil , p 185 

s T Brailsford Robertson loc cil 
10 J Loeb loc cil p 187 
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firmed the fact, that it is thermostable There appears strong 
reason to believe, therefore, that the fertilizing agent in blood-sera 
is identical with the fertilizing agent in sperm 

CONCLUSIONS 

From the spermatozoa of Strongylocentrotus purpuratus (care- 
fully freed from sea-water by washing them with isotonic NaCl 
solution) two substances can be extracted by strongly hypotonic 
salt solutions containing ether which are precipitable by barium 
The one is soluble m dilute acid, the other is insoluble m dilute 
acid but soluble m dilute alkali Both are precipitable by acetone 
The acid-soluble substance acts as a powerful fertilizing, agglutin- 
ating, and cytolyzing agent upon the eggs of Strongylocentrotus 
purpuratus The alkali-soluble substance appears to be devoid of 
action 

There is strong reason for believing that the fertilizing agent in 
spermatozoa is identical with the fertilizing agent (oocytase) m 
blood-sera 




STUDIES IN BACTERIAL METABOLISM I 


Bi ARTHUR I KENDALL and CHESTER J FARMER 

( From the Laboratories of Biological Chemistry and Preventive Medicine and 
Hygiene, Harvard Medical School ) 

(Receded for publication, April 12, 1912 ) 

A very fundamental and general principle of bacterial metabo- 
lism may be expressed concisely bystatmg that “fermentation takes 
precedence over putrefaction ” That is to say, bacteria in general 
vhich can utilize both carbohydrate and protein, act upon the 
former m preference to the latter when both are present m the same 
medium Bacteria m common with all known living things need 
nitrogen to build up their bodies, it is self-evident, therefore, that 
even when carbohydrate is being fermented, enough protein must 
be broken down to satisfy their nitrogen requirements 

The formulation of this principle, together with the salient facts 
of the evidence upon which it was based, have been discussed m 
detail in previous communications by one of us (A I K )' and will 
not be referred to here other than to state that this evidence, 
although well grounded and definite, is for the most part qualitative 
only It is the purpose of this paper to present comparative quan- 
titative data which shall indicate the extent, and m a measure, the 
nature of this sparing action of carbohydrate for protein m arti- 
ficial media as it is observed m certain important types of organisms 
of the intestinal group 

Throughout this work, ammonia formation has been followed as 
an index for determining the rate, and to a degree, the extent of 
protein catabolism by these bacteria In addition to ammonia 
formation the rate and change of reaction of the media m terms of 
standard acid and alkali has also been determined, to throw addi- 
tional light upon the mechanism of the decomposition of carbohy- 
drate and protein respectively during the course of the experiments 

1 For literature, see Kendall Journ of Med Res , \w, p 117, 1911 

13 



14 


Studies in Bacterial Metabolism I 


The formol titration has also been follow ed throughout this w ork, 
but the results furnished no additional evidence which could be 
interpreted m the light of our present knowledge 
Methods Preparation of media Nutrient, sugar-free meat- 
juice bouillon prepared mtlie usual manner w r as used in these exper- 
iments The preparation, adjustment of reaction and steriliza- 
tion were carried out simultaneously on the entire amount of media 
necessary for one series of experiments One per cent of Kahl- 
baum’s C P dextrose w r as added to one-half of it, the media w r as 
then distributed m 200 cc Erlenmeyer flasks, 75 ec per flask, and 
the entire batch sterilized m the autoclave at the same time The 
results, therefore are strictly comparable 
Organisms studied B dysenteriae (Shiga), typhosus, paraty- 
phoid p, coli and proteus 

Total nitrogen A sufficient number of total nitrogen determina- 
tions both in unmoculated and inoculated media were made to 
demonstrate the fact that nitrogen was neither gained nor lost dur- 
ing the course of the experiments 
Ammonia determination Free ammonia w r as determined by a 
modification of the well-known Fohn air-current method 2 

Determination of reaction of the media It is commonly stated 
that the reaction of media in which carbohydrate is being fermented 
becomes progressively acid conversely, media containing only pro- 
tein, or protein derivatives, becomes progressively alkaline The 
amount and formation of acid and alkali respectively was recorded 
m terms of normal acid and alkali, using neutral red as an indicator 
Neutral red was selected m preference to those indicators hitherto 
commonly used for this purpose, because it reacts sharply with both 
w eak acids and weak bases at a point closely approximating abso- 
lute neutrality 

Inocidation of media All cultures were tested for purity, reju- 
venated by three successive daily transfers m sugar-free broth, 
and inoculated into the media with customary precautions A 
series of flasks consisting of the sugar and sugar-free broths respec- 
tively, were inoculated simultaneously with each culture These 
cultures were incubated at 37°C At stated intervals one sugar 


‘This Journal, xi, p 523, 1912 
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and one sugar-free flask of tins senes were examined accordmg to 
the procedures outlined above 

Duplicate determinations of free ammonia were made on every 
culture, the greatest discrepancy amounts to 0 35 mgm of nitrogen 
per 100 cc of culture Similarly, the determination of reaction is 
accurate within 0 25 cc normal acid or alkali per 100 cc culture 
The conditions of the experiments are purposely most favorable 
for putrefaction, the relatively large, free surface of the culture 
medium in contact with the air furnishes potentially the oxygen 
necessary for these organisms, both in sugar and sugar-free media 
The results are consequently more significant than w ould have been 
the case if the cultures in sugar-containing media w r ere grown 
anaerobically to force the bacteria to ferment carbohydrate for 
their oxygen supply, as is the case m the closed arm of the fermen- 
tation tube where such observations are ordinarily made 

The followang tables show' the results of these experiments 
The figures for ammonia are expressed as milligrams of nitrogen 
per 100 cc of culture The changes m reaction are likewise ex- 
pressed in cubic centimeters of normal acid or alkali per 100 cc 
o f culture in their respective media 

table 1 


Broth A 100 cc contains 395 mgms> total nitrogen 




PLAIN BROTH 

DA18 

Free NHj as 
milligrams Ns 
per 100 cc 

Ammonia N 
Total N 



per cent 


54 60 

13 83 

1 

59 50 

15 06 

2 

61 60 

15 60 

3 

68 60 

17 37 

4 

74 90 

18 96 

5 

72 60 

18 40 

6 

74 20 

18 84 

1 

59 85 

15 11 

2 

64 05 

16 23 

3 

102 20 

25 87 

4 

107 80 

27 31 

5 

117 60 

29 78 


DEXTROSE BROTH 


Free NH> as i 
milligrams Nj 1 
per 100 cc , 


Ammonia N 
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TABLE IX 

Broth B 100 cc contains 842 mgms total nitrogen 


Control 


Proteus II 


DEXTROSE BROTH 



percent 'percent 

8 40 3 47 0 00 8 40. 3 47 ' 0 00 

12 05 5 36 -0 75 10 IS] 4 20 +2 00 

15 05 6 21 -0 75 11 55 4 77 +3 25 

59 15 24 50-2 25 11 55 1 4 77 +3 50 

64 05 26 50 -3 25 10 50 4 34 +3 50 

66 50 27 48 -3 Oo! 10 50, 4 34 +3 50 


B coti 


Proteus III 


Paratyphoid ft 


6 33 -0 75 7 70 3 18 +2 25 

G 92 -0 75 11 55, 4 77 +3 25 

8 971-1 25 7 70 3 18 +3 50 

0 12 —1 75 8 40 3 47 +3 50 

0 21 -3 50 9 10 3 76 '+4 00 


15 40 6 33 -0 75 

16 80 6 92,-0 75 
21 70 8 971-1 25 
24 50, 10 12 —1 75 


29 40, 10 21 -3 50 


1 11 20 

2 14 00 

4 28 00 

6 46 90 

8 72 80 


-0 50 10 15 
-0 75 9 SO 
-1 25 9 45 
-1 75 9 80 
-3 50 10 50 


3 47 +0 25 
3 62 +0 25 

3 76+0 25 

4 05 +0 25 
4 63, -0 00 
4 92j±0 00 

3 47|±0 00 
3 76 -0 50 

3 76-0 75 

4 77] — 0 50 

5 50 -0 75 

6 36'— 1 25 


5 4 20 +1 75 
) 4 05 |+3 00 
5 3 90 +3 25 
) 4 05 +3 25 
) 4 20 |+3 75 
1 

) 3 76 i+2 25 
i 3 31 +3 0t> 
) 3 47 +3 00 
! 4 05 +3 2o 
; 3 90 +3 25 
i 3 76 +3 00 

3 31 +1 75 
1 3 62 +1 75 
3 76 i+2 00 
' 3 76 +2 25 
’ 3 90 +2 50 
, 4 05 +2 50 

i 

, 4 05 +1 75 
3 47 +2 00 

3 76 +2 25 

4 20 +2 25 
4 05 +2 50 
4 05 +2 50 


Typhoid 
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A noteworthy feature js clearly brought out m tins first series 
of experiments Notwithstanding the fact that the ammonia pro- 
duction m sugar media is noticeably less than that in sugar-free 
media, the growths obtained 111 sugar media were decidedly more 
% igorous and extensive The rapid increase in acid formation dur- 
ing the first tv enty-four hours of growth is an index of the rapid 
fermentation of dextrose This emphasizes the sparing action 
which dextrose exerts for protein m these artificial media 

CONCLUSIONS 

These experiments show the extent, and in a measure, the nature 
of the sparing action which dextrose exerts for protein in ordinary 
media for the organisms mentioned above 
It is interesting to note that the more pathogenic bacteria exhibit 
less proteolytic activity measured m terms of ammonia production 
and alkali formation than the more saphrophytic organisms 
We wish to express our indebtedness to Professor Folm for his 
opportune advice and criticism and to Professor Theobald Smith 
for cultures 
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STUDIES IN BACTERIAL METABOLISM II 


B\ ARTHUR I KENDALL and CHESTER J FARMER 

(From (he Laboratories of Biological Chemistry and Preventive Medicine 
and Hygiene, Harvard Medical School ) 

(Received for publication, April 12, 1912 ) 

In the previous communication, the sparing action which dex- 
trose exerts for protein in artificial media was shown quantitatively 
for a limited number of bacteria It is the purpose of this paper 
to present additional evidence in support of this hypothesis For 
the sake of clearness, the organisms discussed here will be considered 
separately, since the “growth curve” of each bacterium illus- 
trates a special feature in the mechanism of this sparing action 
of carbohydrate for protein 

Spirillum of Asiatic cholera The cholera vibrio studied was 
obtained from a case of Asiatic cholera which developed m Boston 
last summer The organism was typical m every respect, and 
agglutinated promptly with a specific serum of known and high 
potency The unusually marked proteolytic powers of this organ- 
ism distinguish it sharply from the relatively slight proteolytic 
activities of the pathogenic bacteria described previously The 
cholera organisms are noted for their ability to break down protein, 
however, so that this observation is wholly m harmony with previous 
observations qualitatively, and illustrates the rapidity with which 
this proteolytic process proceeds The mere trace of ammonia m 
the corresponding cultures containing dextrose is a striking example 
of the extent of the sparing action of dextrose for protein 

The cultures designated as “ Pearce Farm" and “Arkansas” are, 
respectively, a non-virulent and a virulent culture of the hog- 
cholera bacillus Professor Theobald Smith suggested that their 
proteolytic activities be compared The results show clearly that 
the “Pearce Farm” culture (the non-virulent one) is more active 
proteolytically than the virulent one This difference m proteo- 
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NOTE ON THE REFRACTIVITY OF THE PRODUCTS OF 
THE HYDROLYSIS OF CASEIN, AND A RAPID METHOD 
OF DETERMINING THE RELATIVE ACTIVITY OF 
TRYPSIN SOLUTIONS 

By T BRAILSFORD ROBERTSON 

(From the Rudolph Sprockets Physiological Laboratory of the University of 

California ) 

(Received for publication, April 13, 1912 } 

I have observed that the refractivity of a solution of sodium 
casemate (containing 80 X 10 -s equivalents of sodium per gram 
of casein) is unaltered, within the limits of the accuracy of the 
determination, by digestion with trypsin This fact suggested 
a rapid and simple method of determining from time to time the 
extent of digestion m a caseinate solution containing trypsm, 
namely that of precipitating the undigested casein by a known 
volume and concentration of acetic acid, filtering off the precipi- 
tate and measuring the refractive index of the filtrate, which 
contains the products of digestion 
In the experiments reported below I have employed a 2 per cent 
solution of sodium casemate, neutral to phenolphthalem ( = 16 cc 
of •nr NaOH diluted to 100 cc and 2 grams of casein dissolved 
therein), as a standard To portions of this solution were added 
varying amounts of Gruebler's trypsin punss stcc and from time 
to time 10 cc samples of these mixtures were taken, and the pro- 
portion of the casern which had been digested was measured by 
the method outlined Preliminary experiments showed me, how- 
ever, that it was very necessary to carefully adjust the concen- 
tration of the acetic acid solution employed for the precipi- 
tation to the concentration of the casemate solution At first 
I tried delivering the 10 cc samples into 10 cc each of -nr 
acetic acid, this procedure yielded cloudy opaque filtrates con- 
taining much suspended casern and totally unfit for refractometer 
measurements, it appeared that the acetic acid solution was too 
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Products of Hydrolysis of Casein 


strong On the other hand 10 cc of an acetic acid solution of 
the same concentration as the alkali used to dissolve the casein 
proved to be too weak, because, owing to the hydrolytic dissocia 
tion which sodium acetate undergoes in aqueous solution, the 
mixture of the 10 cc sample and the 10 cc of acetic acid solution 
still retained casein m solution Finally I adopted the proportion 
of 10 cc of the digest to 10 ce of to acetic acid which, with the 
precautions detailed below, yielded perfectly satisfactory results 

I prepared a 2 per cent solution of casein, neutral to phenol- 
phthalem, by stirring up casein m a dilute solution of NaOH, con- 
taining 16 cc of to NaOH per 100 cc , until the mixture was 
nearly clear The mixture was then filtered through a folded 
filter and the filtrate was divided into four portions measuring 
100 cc each Each of these portions was then placed in an incu- 
bator, in a tightly stoppered Erlenmeyer flask, and allowed to 
stand there until it had attained the temperature of the incubator 
These solutions were then treated as follows 
I Added 3 cc of distilled water 
II Added 2 cc of distilled water + 1 cc of a 0 4 per cent 
freshly made up and filtered solution of Gruebler’s trypsin puriss 

SICC 

III Added 1 cc of distilled water + 2 cc of 0 4 per cent tryq)- 
sin solution 

IV Added 0 cc of distilled water + 3 cc of 0 4 per cent trypsin 
solution 

To each of these mixtures were then added three drops of toluol 
and they were then gently shaken and replaced m the incubator 
From time to time,’ as detailed below, 10 cc samples were taken 
from each flask and the percentage of casein digested was esti- 
mated m the following manner 

Ten cc of to acetic acid having previously been accurately 
measured into a small dry Erlenmeyer flask, the 10 cc sample 
was fairly rapidly delivered from the measuring pipette into this, 
the Erlenmeyer being gently rotated the while in order to uni- 
formly mix the two solutions This mixture was immediately 
filtered through a small plug of glass wool, thus removing the 
grosser masses of casein 1 The opaque filtrate, containing finely 

1 This preliminary filtration can be omitted provided digestion has P r0 
ceeded far enough 
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suspended casein, after standing for a few minutes to allow the 
casein to flocculate, is filtered through an S & S 589 “yellow 
ribbon” filter Filtration is rapid and the filtrates are usually 
perfectly clear, or, if they are not, a second filtration will accom- 
plish this result The refractive index of this mixture was then 
determined bj means of a Pulfnch refractometer reading accu- 
rately to within 1' of the angle of total reflection, a sodium flame 
being employed as the source of light At the same time I deter- 
mined the refractive index of a “blank” solution prepared by 
mixing equal volumes of acetic acid and a sodium hydrate solu- 
tion of the strength emploj ed to dissolve the casein, i e , 0 016 n 
The difference between the two readings expressed the refractivity 
of the products of the digestion of the casein, since the refractivity 
of the mixed products of the tryptic digestion of casein is the 
same as that of the casein from which they are derived and the 
effect of 1 per cent casein upon the refractivity of its solution is 
accurately known, it is evident that this difference affords a direct 
measure of the amount of casein digested per 100 cc of the diges- 
tion-mixture 

Each gram of casein dissolved m 100 cc of an aqueous solvent 
increases its refractivity by 0 00152 2 Consequently the difference 
( = n — n,) between the refractivity of the “blank” mixture and 
that of the filtrate prepared as directed above, divided by 0 00152, 
gites the percentage of casein which w r ould yield, when digested, 
the concentration of the products of digestion which is contained 
m the filtrate Since this filtrate is prepared by diluting a sample 
of the digest to one half with acetic acid solution, this figure must 
be multiplied by 2 to yield the number of grams of casein per 
100 cc of the digestion-mixture which have undergone hydrolysis 

The following were the results obtained i 

T Brailsford Robertson Journ of Physical Chem , \m, p 469, 1909, 
Die physikalischc Chemre der Proleine, Dresden, 1912, chapter 13 
’The slight alterations in the refractivitj of the “blank” solution 
recorded at different times are due to the fact that the temperature at which 
the determinations of refractmtj were made varies somewhat between 
the one and the three-hour determinations and so forth Since, however, 
the refractivity of the "blank” was deteimincd afresh upon each occasion 
and at the same time as those of the mixtures under investigation, this 
fact did not affect the accuracy of the determinations (c/ T Brailsford 
Robertson, loc at ) 



26 


Products of Hydrolysis of Casein 

After digestion for one hour at 35° 


SOLUTION 

n *= refractive index 

OF SOLUTION* 

(n — mj — DIFFERENCE 
BETWEEN THE JIEFHAC 
Tl\ ITT OF THE BLANK 
AND THAT OF THE FIL- 
TRATE 

2 (-> 

3 I s 
° si 

1 He 

a o 

- Cl > , 

K tfjZp 

1 1 si 

X feg 

“Blank” 

1 33355S * 0 000078 



0 cc trypsin 

1 333558 * 0 000078 

0 000000 

0 0 

1 cc trypsm 

1 333636 * 0 000078 

0 000078 * 0 000078 

0 1*01 

2 cc trypsin 

1 333714 * 0 000078 

0 000156 * 0 000078 

0 2*01 

3 cc trypsin 

1 333792 * 0 000078 

0 000234 * 0 000078 

0 3*01 


•The experimental error In the determination of the angle of total reflection by the Pul 
frich refractomcter la * 1 corresponding to an error of 0 000078 In the determination of the 
refractlee Index and to an error of t,: 0 1 In the grams of casein digested per 300 cc of digest 


After digestion for three hours at 35° 


“Blank” 

1 333480 * 0 000078 

I 


0 cc 

trypsin 

1 333480 * 0 000078 

0 000000 

0 0 

1 cc 

trypsin 

1 333714 * 0 000078 

0 000234 * 0 000078 

0 3*01 

2 cc 

trj psin 

1 333948 * 0 000078 

0 000468 * 0 000078 , 

0 6*01 

3 cc 

trypsin 

1 334182 * 0 000078 

0 000702 * 0 000078 j 

0 9*01 


After digestion for six hours at 35° to 36° 


“Blank” 1 333402 * 0 000078 

0 cc trypsin 1 333402 * 0 000078 0 000000 0 0 

1 cc trypsin 1 334020 * 0 00007S 0 000624 * 0 000078 0 8*01 

2 cc trjpsin 1 334418 * 0 000078 ' 0 001016 * 0 000078 | 13*01 

3 cc trjpsin 1 1 334734 * 0 000078 1 0 001332 * 0 000078 ' 18*01 


•The temperature of the Incubator rose about 1 during this Interval The effect of this 


upon the rapidity of hydrolysis is \ery noticeable 


After digestion for twenty-three hours at 35° to S6°* 

"Blank”’ 1 33355S * 0 000078 

0 cc trypsin 1 333538 * 0 000078 0 000000 | 0 0 

1 cc trypsin 1 334892 * 0 000078 0 001334 * 0 000078 [ 1 8*01 

2 cc trypsin 1 335129 * 0 000078 0 001571 * 0 000078 2 1 * 0 1 

3 cc trypsin 1 335129 * 0 000078 0 001571 * 0 000078 | 2 1*01 


At some time during this interval tho temp°raturc fell again to 35' 
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After tins last set of observations, it being evident that the 
casein m the digest containing 3 cc of trypsin solution was com- 
pletely hydrolyzed, 4 1 determined the refractivities of the mixture 
containing no trypsin at all, in which it is evident that no appre- 
ciable hydrolysis had taken place, and of the mixture containing 
3 cc of trypsin solution and of a “blank” consisting of a solution 
of NaOH of the strength (0 016 n) originally employed to dissolve 
the casein The following were the results obtained 


soil mot. 

(n — til) = DUTEnEXCE 
n ** KErriACm e index , Ef™ il E ™ AC 

Or Titr Rru rttAV Tt\ E INDEX OF THE 

OF THE BOLCTION , DIGEST AND THAT OF 

l THE BLANK 

1 

* a 

fc u M H 

O 3 H m 

2 « w 

< ° i 3 

1 5 gfs 

B ~ * o 
t * a 
- ci £ 2:0 
e wh po 

"Blank” 

. ... j .... ... ... I 

1 3334S0 * 0 00007S , 


0 cc trjpsin 

1 33GC30 * 0 000078 I 0 003150 * 0 000078 

2 07 * 0 05 

3 cc trjpsin 

1 336G30 * 0 00007 8 . 0 003150 =* 0 000078 ; 

2 07 * 0 05 

It is evident that the refraetivity of the casein is not affected 


by hydrolysis by trypsin 
From the results enumerated above, assuming that the hydro- 
lysis of casein by trypsin obeys the monomolecular formula, 

log —2 — = Kt, where a — the initial concentration of the substrate 
a — x 


and x the amount digested at time f, 5 6 it is possible to estimate 
the values of the velocity-constant K for each of the periods of 
digestion and concentrations of trypsins employed The results 
of this calculation are enumerated m the accompanying table, 
the time being expressed m hours and a (— 2 07) and x m grams 
per 100 cc , common logarithms being employed 


4 The digests containing, respectively, 2 and 3 cc of trypsin solution 
jielded at this time no precipitate or opalescence on mixing with the acetic 

acid 

6 Cf T Brailsford Robertson This Journal, u, p 317, 1907, Walters 
ihitf , xi, p 267, 1912 
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1 

Tmr op DinrRTins 1 TRTPSIN BOIUTION 
TIME OF DIOESTIO.N , pf , R I00c( , Q[ . D , aE3T 

1 

A 

K DIVIDED BT CC Of 
TRTPSIN SOLUTION 
PER 100 CC OP DIGEST 

1 ' 1 

22 X 10“ 3 

22 X 10- 3 

1 2 

44 X 10~ 3 

22 X 10~ 3 

1 3 

08 X 10- J 

23 X 10~ 3 

3 1 

23 X 10~ 3 

23 X 10~ 3 

3 I 2 

50 X 10" 3 

25 X lO” 3 

3 I 3 

83 X 10“ 3 

28 X 10~ 3 

6 1 1 

35 X 10“ 3 

35 X ltr* 

6 2 

72 X 10- 3 

36 X lO" 3 

6 J 3 

147 X 11 r* 

49 X 10" 3 

23 ' 1 

38 X 10“* 

38 X 10' 3 


At the point indicated by the intersecting line the rise m temper- 
ature occurred 

It is evident that for a given temperature the figures m the 
fourth column are constant, thus the rate of hydrolysis as deter- 
mined by this method is directly proportional to the concentration 
of trypsin in the digest — a relation which has been abundantly 
established by more exact methods of measurement 6 The method 
is therefore adapted for the purpose for which it was designed, 
namely, that of rapidly determining the relative activities of tryp 
sin solutions 

While the method which I have outlined is, of course, greath 
inferior in accuracy to many others, it possesses the following 
counterbalancing advantages (a) It is extremely rapid, ( b ) it is 
extremely simple and (c) the experimental error, although large 
( ± 01 gram per 100 cc ) is nevertheless exactly Known, it could 
obviously be somewhat reduced, if desired, by increasing the con- 
centration of the caseinate solution used as substrate The method 
is probably not less accurate than that of Mette which has been 
employed with such advantage in investigations of this type, 
without being open to the criticism, which attaches to the method 
of Mette 7 , that phenomena of dissolution and diffusion may be 
confused with phenomena of hydrolysis 

6 Cf E H Walters toe cil 

i A E Taylor Umv of Calif Publ Pathol , i, p 7, 1904, Svan e 
Arrhenius Immunochemslry, New York, 1907 
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SUMMARY 

1 The complete hjdrolysis of sodium casemate by trypsm does 
not alter the rcfmctivity of its solution, within the limits of the 
accuracy of the determination 

2 A method of comparing the activities of trypsin solutions, 
based upon this fact, is described m detail 




ON THE FORMATION OF GUANYLIC ACID FROM 
YEAST NUCLEIC ACID 

(Preliminary Communication ) 

B\ WALTER JONES 

( From the Laboratory of Physiological Chemistry, Johns Hopkins 
University ) 

(Received for publication, April 20, 1912 ) 

A demand recently arose in this laboratory for a considerable 
amount of guanosme, and to obtain the substance, commercial 
yeast nucleic acid was submitted to neutral hydrofysis m the auto- 
clave 1 Although guanosme m macrocrystalline form was ob- 
tained m every trial, the yield was such that recourse was had to 
the more recent method adopted by Levene and LaForge 2 for the 
hydrolysis of tnticonucleic acid As this second method gave 
results which were not different from those previously obtained, 
it w'as decided to make use of glandular ferments as hydrolytic 
agents Numerous experiments had already shown that with 
proper arrangement of the digestion, guanosme can be obtained 
by the action of a number of glandular extracts upon commercial 
yeast nucleic acid and that there is no production of the dark 
brown pigments w r hich are formed in the autoclave and which 
render the isolation of guanosme difficult The pig’s pancreas 
was selected as the ferment source because abundant evidence 
had indicated guanosme as one of the end products of the action 
of this tissue extract upon yeast nucleic acid 
But as simple as the matter appears, a physical difficulty is 
encountered at the beginning which greatly impairs the usefulness 
of the method A warm solution of the digestion products can- 
not be filtered Fat globules pass through the filter m the begin- 
ning and before a clear filtrate can be obtained there is such a 

1 Levene and Jacobs Benchte, xlu, p 2704 

5 Levene and LaForge ibid , xlm, p 3166 
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clogging with fat that filtration ceases On the other hand a 
cold solution of the digestion products can be filtered perfectly 
clear but guanosine, having fallen out of solution, remains on the 
filter To overcome this objection it was decided to digest, cool 
and filter the pancreatic extract before adding the nucleic acid 
Accordingly a mixture of 760 grams of trimmed and finely ground 
pig’s pancreas with 1400 cc of distilled water was allowed to digest 
at 40° in a closed vessel for fourteen days with enough chloroform 
to prevent putrefaction At the end of this time the product was 
cooled and the solution filtered Upon standing over night there 
occurred a copious deposition of snow-white tyrosine needles which 
were filtered off The pale yellow clear solution thus obtained 
was preserved for use m a closed vessel with chloroform and will 
be referred to as “the digested pancreatic extract ” 

A portion of the fluid vans boiled and filtered and the free phos- 
phoric acid present in the filtrate was determined by direct pre- 
cipitation with magnesia mixture A second portion of the boiled 
and filtered extract w'as treated with yeast nucleic acid and used 
as a control 

To 500 cc of the digested pancreatic extract which had been 
warmed to 40° were added 5 grams of yeast nucleic acid After 
digestion of the material for fifteen minutes at 40°, a small portion 
was boiled, cooled, filtered and tested for nucleic acid by the addi- 
tion of sulphuric acid, w r hen it wxas found that the nucleic acid 
had entirely disappeared Yet the presence of nucleic acid could 
be shown in the control and was apparently undiminished after 
two days 

After the digestion had proceeded eight hours a determination 
of phosphoric acid w'as made and compared with one made from 
the “digested pancreatic extract” when it was found that no phos 
phone acid had been liberated from the yeast nucleic acid hor 
could the presence of free punne bases be demonstrated by t c 
addition of silver nitrate and ammonia 

These results suggest that when an aqueous extract of pancreas 
is digested at 40°, the two ferments, pliosphonuclease and purine 
nuclease, 3 are destroyed or greatly injured while the agent wnm 
brings about a decomposition of tetranucleotide (yeast nucleic 
acid) into simpler nucleotides or mononucleotides remains m 

5 Amberg and Jones Zeitschr f physiol Chem , lwm, p 407 
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great activity It has been observed that fresh serum changes 
the optical character of jmast nucleic acid without liberation of 
either phosphoric acid or purine bases/ and it is therefore possible 
that m fresh serum conditions exist similar to those of digested 
pancreatic extract 

The mam portion of the product of the action of digested pan- 
creatic extract upon yeast nucleic acid was boiled, filtered and 
treated at the boiling point with an excess of a solution of lead 
acetate, and the hot fluid w as filtered from precipitated lead phos- 
phate Upon cooling, the pale yellow filtrate deposited a heavy 
granular lead compound n Inch was filtered off, suspended in hot 
vater and decomposed with sulphuretted hydrogen The filtrate 
from lead sulphide n as treated with potassium acetate and poured 
into an excess of alcohol A dense flocculent white precipitate 
vas thrown down which was washed with alcohol and dried over 
sulphuric acid After purification by a repetition of the processes 
involved in its preparation, the substance was found to possess 
the following properties An aqueous solution gives no precip- 
itate with silver nitrate and ammonia even after the addition of 
an ammoniacal solution of liypoxanthme Upon hydrolysis with 
dilute sulphuric acid there is formed the theoretical amount of 
both guanine and phosphoric acid required for the potassium 
salt of guanylic acid while no trace of adenine could be found among 
the products, at the same time a reducing substance is produced 
which responds to qualitative tests for pentose and the optical 
character of the solution becomes reversed By a comparison 
of the substance with a specimen of guanylic acid prepared from the 
/?-nucleoproteid of the pancreas it was found that the two sub- 
stances conduct themselves throughout m precisely the same man- 
ner, so that there seems no escape from the conclusion that the 
substance under discussion is the potassium salt of guanylic acid 

The yield m each of a number of experiments was about 50 per 
cent of that required by theory, so that without special care it 
was not found difficult to prepare 25 grams of the substance m a 
short time — an undertaking which would require weeks or months 
of time if the older method of preparation be employed 

While the active agent here concerned is destroyed by heat and 
is more active at 40° than at 20°, it must not be supposed that we 

4 Amberg and Jones this Journal, x, p 81 
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are here dealing with a true catalytic agent A given amount of 
digested pancreatic extract can decompose a certain definite 
amount of yeast nucleic acid with great rapidity but can decompose 
no more in any reasonable length of time As already stated 100 
cc of the extract completely decomposes a gram of yeast nucleic 
acid in fifteen minutes but it cannot decompose 2 grams in a week 
A solution of 1 5 grams of yeast nucleic acid m 100 cc of extract 
was digested at 40° After fifteen minutes a trace of nucleic acid 
could be shown present and after twenty-four hours the trace had 
not disappeared 

In the course of their polanmetric work upon the action of ani- 
mal fluids upon nucleic acids Levene and Medigreceanu 6 were led 
to postulate a ferment capable of decomposing tetranucleotides 
into simpler nucleotides and they assign to the ferment the name 
“nuclemase ” As the first conclusive evidence of the existence of 
such a ferment is presented in this paper, the writer will be per- 
mitted to suggest that the nomenclature be made conformable to 
that which Levene and his coworkers have adopted for the nucleic 
acids The term“tetranuclease” indicates clearly a ferment which 
exerts its activity upon a tetranucleotide As the active agent 
under consideration can exert this activity and no other (at least 
m so far as one of the mononucleotides is concerned) it should 
be termed tetranuclease 

It seems probable that there are several tetranucleases, for the 
active agent here considered does not exert its activity upon thymus 
nucleic acid While one gram of yeast nucleic acid is completely 
decomposed by 100 cc of digested pancreatic extract m fifteen 
minutes, one-fourth the amount of thymus nucleic acid does not 
suffer any diminution under the same conditions in a week 

It is undoubtedly true that these two nucleic acids have the 
same general chemical structure that is, they are both tetranu- 
cleotides composed of four mononucleotides which in turn are com- 
pounds of phosphoric acid with nucleosides This close analogy 
was shown by Levene 6 and his coworkers in their chemical exam- 
ination of the two nucleic acids, and the general similarity of struc- 
ture is also brought Out in a study of the changes which the two 
substances undergo in the presence of glandula r extracts for the 

5 This Journal, ix, p , 395 

•Levene and Mandel Benchle, xli, p 1905, Levene and Jacobs ibid , 
x\m, p 3150 
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characteristic conduct of thymus nucleic acid m the presence of 
fresh pancreatic extract 7 and the particular line along which the 
adenine group of thymus nucleic acid is changed to hypoxanthine 8 
by the action of dog's liver are matters which can also be stated 
for j east nucleic acid Nevertheless these two nucleic acids are 
two different substances, and obviously because they are not com- 
posed of the same mononucleotides They could not therefore 
be expected to yield identical nucleosides under any conditions 
The structure of yeast nucleic acid w hicli was assigned by Levene 
and Jacobs rests primarily upon the ability of these writers to 
isolate four nucleosides from among the products of its hydrolysis 
One of these nucleosides (guanosme) possesses such physical and 
chemical properties that its escape from the observation of one 
accustomed to deal with it would seem almost impossible But 
Levene and Jacobs have never obtained this substance from thy- 
mus nucleic acid Again, Levene and Jacobs proved that the 
carbohydrate of yeast nucleic acid is d-ribose, while it has been 
generally conceded that the carbohydrate of thymus nucleic 
acid is a hexose Finally, guanosme has been obtained m this 
laboratory by the action of a number of glandular extracts upon 
} east nucleic acid and conditions have been found for controlling 
the action of both phosphonuclease and purme nuclease so that an 
arrangement of the digestion can be made favorable to the for- 
mation of guanosme, but no attempt to obtain the substance from 
thy mus nucleic acid has been successful 

It is necessary to refer in this connection to an interesting but 
somewhat puzzling contribution of London, Schittenhelm and 
Wiener 0 who studied the decomposition of nucleic acid brought 
about by the intestine They obtained from among the products 
a slight amount of a substance w'hich contained organically bound 
phosphorus and purine base but the amount of material was too 
small for an exact identification In parentheses they add “ (Am- 
moniumsalz der Guanylsaure^)” and continue to state how they 
isolated and completely identified guanosme and mention a some- 
what less conclusive identification of adenosine It is interesting 
to note that thymus nucleic acid was employed in their experiments 

7 Jones this Journal, ix, p 169 

* Amberg and Jones Zeitschr J physiol Chem , Ixxui, p 407 

* Zeitschr f physiol Chem Ixv p 459 




THE EXCRETION OF IRON IN THE URINE IN 
PNEUMONIA 

B\ EDWARD H GOODMAN 
(From the Laboratory of Dr John H Musscr, Philadelphia, Pa ) 

(Received for publication, April 20, 1912) 

Normal excretion of non For many years it was a mooted ques- 
tion w hether the urine contained iron, and among those who ques- 
tioned its presence i\ ere Becquerel, Herberger, Lehmann, Schroff 
and Schlemmer In 1820 Tieddmann and Gmelm pointed out that 
iron n as constantly present, and m this they were confirmed by a 
host of observers The reason for this difference of opinion lies, 
as suggested by Hoffmann, in the too small amounts of urme ex- 
amined by Becquerel and his followers 1 In the early estimations 
of iron, widely varying figures were obtained, but since the report 
of Neumann 2 and of Neumann and Mayer 3 it is generally accepted 
that the normal twenty-four-hour output of iron is about 1 milli- 
gram 

Excretion of iron under pathological conditions The excretion 
of iron in disease has been more or less carefully studied, but one 
must view with some scepticism results reported before the descrip- 
tion by Neumann of his method Diseases of the blood have, as 
might be expected, received the greatest attention although evi- 
dences of sporadic interest in other diseases are not wanting 

Chlorosis Zander 4 found a decided decrease in the urinary iron 
although he gives no definite figures Quincke 3 showed that the 
amount of iron excreted varied with the stage of the disease, m 

1 For literature see Kennerknecht Virchow’s Archw, ccv, p 89, 1911 

2 Neumann Zeilschr f physiol Chem , xxxvn, p 114,1903 

5 Neumann and Mayer Ibid, xxxvn, p 143, 1903 

4 Cited from Kennerknecht loc cit 

6 Cited from Kennerknecht loc cit 
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the beginning, there was an increase over normal, while in the 
later stages there was a diminution, and as Kennerknecht says, 
this may explain why Lehmann 6 found an increase Hunter 7 
reported a marked reduction m iron, and ten years later Jolles 
and Winkler 8 confirmed this finding only in less degree 

Pernicious anemia In 1890 Hunter studied the iron output in 
a case of pernicious anemia and found that although there was an 
increased output in the urine the maximum was reached three 
weeks before death when the anemia was most intense At this 
time 32 26 mgms were found, and a week before exitus, this had 
dropped to 6 52 mgms while two days before death there was only 
1 mgm Damaskm 9 reported increased amounts of iron, up to 
3 08 mgms a day, and Hopkins 10 found variable amounts, the high- 
est being 8 3 mgms on one day, while shortly afterwards only 
traces were found 

Kennerknecht 11 found that the amounts of iron varied according 
to the stage of the disease analogous to the finding of Quincke m 
chlorosis, sometimes being increased and sometimes being decreased 

Leukemia The study of the iron in the urine m this disease has 
received some attention Jolles and Winkler reported a decided 
increase m the excretion of iron and Hoffmann a moderate increase 
Mayer found 3 407 mgms using Neumann’s method Kenner- 
knecht studied the effect of X-raj^s on the excretion of iron during 
the treatment of myelogenous leukemia by this method, and found 
that the already increased amount of urinary iron was increased 
still further by the use of the Roentgen ray 

Nephritis Damaskm found a variance m iron depending on 
the form of nephritis present, it being slightly increased or normal 
in interstitial nephritis and greatly increased m the parenchymatous 
form Jolles and Winkler found it increased m every form of 
nephritis Corroboration of the increased amount of iron in chronic 
interstitial nephritis is offered by Neumann and Mayer 


• Cited from Kennerknecht loc cil 

I Hunter Bril Med Journ , July 5, p 1, 1890 

8 Jolles und Winkler Arch f exp Path u Pharm , xliv, p 464, 1900 

s Cited from Kennerknecht loc ext 

10 Hopkpis Guy’s Hospital Reports, 1, p 373, 1894 

II Loc cit 
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Miscellaneous diseases 


Anemia 

Pneumonia 

Malaria 

Obstructive jaundice 
Catarrhal jaundice 
Alimentary glyhosurin 
Gout 

Carcinoma of stomach 

Fever 

Fever 

Fev cr 

Tjphoid fever 
Erysipelas 
Cholelithiasis 
Cirrhosis of the liver 
Alcoholism-chronic 


Decrease 
Decrease 
Increase 
Normal 

Slight decrease 
Normal 
Increase 
Increase 
Decrease 
Increase 
Increase 
Increase 
Increase 
Increase 
Increase 
Increase 


Damaskin 

Colasanti and Jacoangeh 
Damaskin 

Jollos and Winkler 

Neumann and Mayer 
Colasanti and Jacoangeh 

Neumann and Mayer 


In all these articles referred to above there is but one mention 
of the study of the urinary iron in pneumonia This is striking in- 
asmuch as one would expect to find very interesting results during 
the course of the infection 

Our interest in morbid process, as far as the latter concerns 
us m this paper, is especially concentrated on the erythrocytes 
In health, as is well known, the red blood cells after a certain period 
of hfe, are eventually destroyed, and following their dissolution are 
probably taken up by the leucocytes and by them transported to 
the liver, spleen and bone marrow Of the iron thus liberated, a 
part finds its way into new erythrocytes and a part is excreted, and 
for this excretion two possibilities are recognized by von Noorden , 12 
the “mechamsche Entfuhrung”and‘'besondereZerfallsvorgange ” 
In health the latter plays no role, and the quantity of iron which is 
eliminated m twenty-four hours is derived for the most part from 
the iron contained m the food and in lesser degree from the destruc- 
tion of worn-out erythrocytes 

If we revert to the pathology of a pneumococcus infection of 
the lung it will be seen that during the first stage of the disease — 
the stage of congestion — the erythrocytes may be held to be hyper- 
functioning, and having more work to do, their period of activity 
is curtailed, their life cycle is shorter, and they are destroyed earlier 


ls Cf Neumann loc cit 
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than ib a red cell existing under normal conditions In the stage 
of hepatization owing to the segregation of gargantuan numbers of 
erythrocytes, there should be a withdrawal of cells from the cir- 
culation and hence an oligocythemia, which has indeed been 
described by Bollinger (Osier 13 ) When autolysis of the exudate 
sets m (stage of resolution), the iron pigment of the erythrocytes 
is set free, and there should be, hypothetically, what might be 
termed hypersideremia In this rapid holocaust of red cells, we 
have von Noorden’s "besondere Zerfallsvorgange ” typically exem- 
plified The iron metabolism, theoretically be it remembered, 
should therefore be such that m the early stage one would find per- 
haps a slight increase in the urinary’- iron, in the middle stages, a 
decrease, with the crisis and thereafter, a marked increase Evi- 
dence of the last named is seen m the icterus which often accom- 
panies pneumonia 

The urine was collected for twenty-four hours and the iron esti- 
mated by the method of Neumann 14 using 500 cc of urine when the 
daily amount of urine permitted 

We have studied four cases occurring in the University Hospital 
Some we saw' early in the disease and some later, but it was unfor- 
tunate that we were not able to continue the investigations over 
a longer period of time following the crisis As far as possible, 
only cases which promised to have a favorable outcome w r ere chosen, 
and only those whose pulmonary signs gave no room for doubt as 
to the correct diagnosis of croupous pneumonia Unfortunately, 
examination of the stools could not be undertaken 

We are indebted to Dr Stengel for the privilege of studying his 
cases, the other cases occurring on the service of my lamented 
Chief, Dr John H Musser 

During the examination the patient received no iron medication 
and was on a diet, consisting for the most part of milk, which 
w r as practically iron-free 


is Osier Practice of Medicine (sixth edition), p 177 
u Cf Ixennerknecht loc cit 
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Cate 1 — Eduard F Service of Dr Muster, University Hospital 


DATr 

day or illness 

UniNE 

IRON 

1912 


cc 

mg 

Janunrj 3-1 

5 

970 

4 040 

Janum 4-5 

0 

1000 

220 

Jnnunn 5-0 

7 

510 

1 24 

Jnnuan 0-7 

: s 

13S0 

1 299 

Jamnn 7-S 

9 

1160 

0 635 

Januan S-9* 

Januan 9-10 

10 (crisis) 

■ First daj after 

800 

4 076 

» 

Januan 10-11 i 

crisis 

Second d*n after 

920 | 

3 650 

1 

1 

crisis 



1170 j 

1 562 


On this da\ patient looked ns If he were golnj* to have his crisis but he developed er> 
slpelas of hi no«e which influenced the temperature curve and the estimations were discon- 
tinued 


CascS — Lillian J Scrucc of Dr Stengel, University Hospital 


Januarj 30-31 

1 S 

1150 

1 4 

Januarj 31-Februarj 1 

9 

220 

1 2 

Februarj 1-2 

10 

5G0 

0 38 

Tebruarj 2-3 

11 (crisis) 

540 

0 638 

Februarj 3-4 

1 First daj after 




1 crisis , 

295 

0 10 

Febrnan 4-5 

Second daj after 




crisis 

510 

0 800 

Case 3 — Thomas T 

Service of Dr Musser, University Hospital 

Februarj 4-5 

4 

2480 

0 25 

Februarj 5-6 

5 (crisis) 

2200 

I 1 26 

Februnrv 6-7 

First daj after 


I 


crisis 

980 j 

i 2 00 

Case 4 — Edward S 

Service of Dr Stengel, University Hospital 

Tebruarj- -28-29 

5 ! 

770 

0 6 

Februarj 29 

1 



March 1 

1 6 

920 

1 0 

March 1-2 

7 (crisis) 

630 

2 38 

March 2-3 

First daj- after j 

I 



crisis 

600 J 

1 60 
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A study of these figures makes apparent the distinct curve of 
urinary iron excretion during the course of pneumonia, there being 
hyposiduna during the height of the infection, and in every instance 
a relative hypersiduria (m most cases an absolute hypersiduna) 
at the crisis or during the first day following It would be of great 
interest to study the iron metabolism m a case of pneumonia with 
icterus as this might be able to shed some light on the question of 
hemolytic jaundice Unfortunately no such case presented itself 
while the study of these cases was m progress 
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II (a) ON THE INFLUENCE OF THE PRODUCTS OF HYDROLYSIS 
UPON THE RATE OF HYDROLYSIS OF CASEIN BY TRYPSIN, 
(b) THE AUTOHYDROLYSIS OF THE CASEINATES 

BiE H WALTERS 

( From the Rudolph Sprccl eh Physiological Laboratory of the Unnersity 

of California ) 

(Rcccncd for publication, Mn> 2, 1912 ) 

In a previous communication 1 * it was shown that the basic 
casemates of the alkalies and alkaline earths are hydrolyzed by 
trypsm with approximately equal velocities for all concentrations 
of substrate between 0 2 and 4 per cent and that the rate of hydrol- 
ysis obeys the molecular reaction formula, log,. — = Kl, during 

a-x 

all stages of the reaction and also that the influence of the trypsm 
m accelerating the reaction is that of multiplying the velocity 
constant K m the equation by a factor proportional to the con- 
centration of the enzyme It was inferred that the products of 
hydrolysis had little or no influence upon the rate of hydrolysis 
The depressant action of the products of hydrolysis has been 
shown by Bayliss, 3 * and Hedm 5 Bayliss used 5 per cent solutions 
of casein in each digest to which were added equal amounts of 
trypsm and varying amounts of concentrated digestion products 
These substances were found to have a retarding action which 
increased with increasing amounts of the products He considered 
this effect due m part to a combination occurring between the 

1 E H Walters This Journal, u, p 267, 1912 

J Bayliss Arch set biol (St Petersburg, 1904), 11 supplement, p 261, 
reprinted in the Collected papers of the Physiological Laboratory, University 

College, London, xiu, 1903-5 

* Hedm Journ of Physiol , xxxu, p 468, 1904, Ibid, xxxiv, p 370, 

1906 
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trypsin and products, thus actually reducing the active mass of 
the ferment 

The experiment which I am about to describe shows that this 
impeding action has been overstated and that the rapid falling 
off m the velocity constant in Baybss’ experiments was undoubt- 
edly due to the very rapid destruction of the trypsin by the high 
alkalinity of his solutions He used 2 cc of N ammonia to 6 cc 
of the system In the paper referred to above a number of experi- 
ments upon the hydrolysis of casein by trypsin were reported 
which indicate that the influence of the products of hydrolysis 
upon the rate of hydrolysis is only very slight It appeared 
important, however, to determine accurately the extent of this 
influence and it was with this object that the following experiment 
was undertaken 

The casein and trypsin employed were the same as w'ere used 
m my former experiments and the experimental procedure was 
precisely identical The actual experiment was carried out in 
the following manner 

A 0 5 per cent solution of basic sodium caseinate was made by dissolving 
30 grams of purified casein in 2S8 ec of NaOH and diluting to 7200 cc 
with distilled water, as free from carbon dioxide and ammonia as could be 
accomplished by boiling, and 100 cc placed m Erlenmeyer flasks of 200 
cc capacity provided with tightly fitting rubber stoppers These solu- 
tions are neutral to phcnolphthalem, i c , faintly alkaline, the OH - con- 
centration being 10 ~ 4 5 n Taylor* and Robertson and Schmidt 5 have found 
that trypsin acts most energetically' in solutions of this alkalinity 

A strong solution of the digestion products was prepared by allowing 
1 liter of a 2 per cent sterile solution of basic sodium caseinate to digest 
for a month This solution was then heated to boiling to destroy' the last 
traces of trypsin that might possibly be present and evaporated down to 
400 cc on an air bath heated by an electric bulb at 55°C This concen- 
trated solution of the products of the tryptic digestion of casein was a 
clear y ellow-brown syrupy liquid which is just about saturated with respect 
to tyrosine 

To each of a set of six flasks of the casein solution were added 0 2 cc 
of toluol, 1 cc of a 1 per cent solution of the trypsm which had been fil- 
tered and 1 cc of the solution of the products To another set of six flasks 
were added the same quantities of toluol and trypsm and 2 cc of the pro- 


4 Taylor Umv of Calif Pub Palhol , l, p 251,1907 

5 T Brailsford Robertson and C L A Schmidt This J ournal, v, p 31, 
1908 
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ducts and so on up to 10 cc V control c\pcnmcnt of six flasks containing 
none of the products was made simultaneously In addition to this, 
25 cc of products were added to each of the two digests containing the 
same amount of trjpsin ns the others and allowed to incubate for three 
hours when the undigested casein was measured In order to determine 
the effect of diluting the sjstcm, 10 cc of pure water were added to two 
digests nnd 25 cc to two others, the same quantitj of trypsin was added 
to each nnd the whole allowed to digest for three hours We have then 
eleven sets of si\ digests, each containing varying amounts of the products 
of hjdroljsis from 0 to 10 cc , one set of two flasks, each containing 25 cc , 
nnd two sets of two flasks, each containing none of the products, but instead, 
10 and 25 cc of pure water respectively The experiments were earned 
out at the same temperature simultancouslj so that the concentration 
and nctnitj of the trjpsin would be the same in each 

The solutions were warmed separatelj to the temperature of the incu- 
bator and the products and the trjpsm added to the casein digests and 
allowed to incubate at 37 5°C =<=0 5° Two flasks from each set were 
taken out after one, two, and three hours and the casein determined m 
each b> precipitating with acetic acid and subsequently estimating the 
quantitj of nitrogen m the precipitate e 

The initial amount of casein m each digest was found from the mean 
of two determinations to be 428 5 mgms The results are tabulated in 
the following tables 

TVBLE I 



, Set A— 0 

cc products 


HOURS 

1 


K 

0 

428 5 

I 

| 


1 

243 0 

0 24634 

25 X 10-’ 

2 

126 5 

i 0 52986 

26 5 X 10-’ 

3 

71 1 

0 78008 

26 X 10-’ 


Set B — 1 cc products 


0 

! 428 5 1 

! 


1 

: 252 5 

0 22969 

23 X 10-’ 

2 

140 9 

0 48304 

24 X 10-’ 

3 

73 8 

0 76389 

25 5 X 10 

Set C — 2 cc products 

0 

428 5 ! 

1 


1 

258 3 

0 21983 j 

22 X 10-’ 

2 

148 I , 

0 46139 I 

23 X 10-’ 

3 

78 8 i 

0 73542 

24 5 X 10 -* 


* The details of the method are given m the first paper of these studies 
to which reference has been made elsewhere 
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TABLE I — Continued 


Set D — 3 cc products 


HOURS 

a — x 

1 

K 

0 

1 

42S 5 

253 8 

0 22746 

23 X 10-* 

2 

: 147 G 

' 0 46286 

23 X 10- 

3 

78 8 

0 73542 

24 5 X 10-* 


Set E — 4 cc products 


0 ! 

42S 5 



1 

257 4 

0 22134 

22 X 10 '* 

2 

149 4 

0 45760 

23 X 10 "* 

3 

99 9 

0 63238 

21 X 10 -* 


Set F — See products 


0 

428 5 

i 



1 

27S 1 

0 18775 

' 19 

X 10-* 

2 

179 6 

i 0 37764 

' 19 

X 10 -* 

3 

| 107 1 

0 60216 

) 20 

X 10 -* 


Set G — 6 cc products 


0 

428 5 

! 



1 

277 2 

1 0 18916 

19 

x io-* 

2 

176 0 

0 38644 

19 

x io- 

3 

! 

113 0 

| 0 57887 

19 

X io -* 


Set H — 7 cc products 



o 

428 5 




i j 

272 3 

0 19690 

19 5 X 10-* 

2 

18S 1 

0 35756 

18 

x io-* 

3 1 

120 6 

0 55060 

18 

x io-* 

Set I — 8 cc products 

0 

428 5 




1 

278 0 

0 18791 

19 

x io-* 

2 

177 8 

0 38202 

19 

x io-* 

3 

122 9 

0 54240 

18 

x io-* 
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TABLE I-^Continued 


Set J — 9 cc products 

IIOBRS j 

a— 2 


A 

0 

42S 5 



1 

277 2 

0 18910 | 

19 X 10-’ 

2 , 

200 7 

0 32940 

16 5 X 10-’ 

3 I 

133 2 

0 50745 

17 X 10“’ 

Set K — tO cc products 

0 

42S 5 



1 

272 7 

0 19626 

i9 5 X 10- 

2 

194 0 1 

0 34415 

17 X 10-’ 

3 

144 0 

0 47359 

16 X 10-’ 


Set L — S5 

cc products 


i 

o 

428 5 


1 

3 

200 0 

0 33092 

♦— * 

X 

O 

£ 

Set M — 10 cc HiO 

0 

mu ■■■ 

j 


3 

mm 

0 74265 

S ! 

24 5 X 10 -* 


Set A r — 25 cc H,0 


0 

428 5 


' 

3 

79 0 

0 73432 

J 24 5 X 10-’ 


The above results show that the products of hydrolysis have 
only a very slight impeding action on the rate of hydrolysis 
This fact is shown more clearly in fig I m which A represents 
the normal change and B the course of the reaction under the 
influence of the most concentrated products 

THE AUTOHYDRO LYSIS OF THE CASEINATES 

In the researches on casein little importance has been assigned 
to the fact that it undergoes fairly rapid autohydrolysis in neutral 
sterile solution Robertson 7 made a few experiments in this con- 

7 T Brailsford Robertson Umv of Calif Pub Physiol, in, p 174> 
1909 (see footnote) 
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nection and found for a 2 8 per cent solution of neutral sodium 
caseinate that the velocity constant (calculated from themonomo- 
lecular reaction formula, common logarithms being employed and 
the time expressed in hours) was, after twenty days at 36°C , 
0 000518 



It appeared important to follow up this observation and to 
determine the relation between the time of the autohydrolysis 
and the amount of protein transformed, and also to determine 
the relation between the nature of the base combined with the 
casein and the rate of autohydrolysis Unfortunately experiments 
of this character occupy a considerably long period of time and the 
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results obtained nrc not ns satisfying ns would be desired, due to 
certain uncontrollable errors that do not enter into short experi- 
ments However the results of the experiments corned out are 
very suggestive and serve to show- the magnitudes and general 
course of the reactions 

Expeiumfnt 1 Solutions of the neutral caseinates of lithium, sodium 
and potassium were made in the usual way such tlint the proportion of 
base to casein was 50 X 10 ~ s equivalents per gram One hundred cubic 
centimeters of the respective solutions were placed in Erlenmeyer flasks 
of 200 cc capacity, a few drops of toluol were added and the flasks tightly 
closed with clean rubber stoppers and allowed to digest at 37 5°C ± 1° 
The following results were obtained 

TABLE II 


Autohydrolysis of neutral caseinates (37 5° =* 1°) 
Neutral lithium casemate 


TIME IN 

nouns 

X 

a — x 


K 

| KX 10 > 

0 

90 

11 8 

18S 0 

176 2 

0 02815 

0 0002932 

29 5 

192 

17 9 

170 1 

0 04346 

0 0002263 

22 5 


Neutral sodium casein ale 


B 

mm 

12 6 

21 4 

185 4 

172 8 

164 0 

0 03057 

0 05327 

1 

0 0003184 

0 0002774 

32 

28 

Neutral potassium caseinate 

0 


188 1 




96 

11 7 

176 4 

0 02789 

0 0002905 

29 

192 

18 9 

169 2 

0 04599 

0 0002395 

24 


The figures in the column headed a — x are each the mean of 
three deter mina tions These solutions are neutral to litmus and 
therefore approach as nearly as possible absolute neutrality It 
is improbable, therefore, that the comparatively rapid autohy- 
drolysis is due entirely to H and OH ions The above results 
show that the neutral caseinates of Li, Na, and K are hydrolyzed 
with approximately equal velocities It will also be observed 
that they do not obey strictly the monomolecular reaction for- 
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mula as the values of the constants diminish as the reaction 
proceeds 

Experiment 2 Solutions of the basic caseinates of Li and Na were 
prepared m the usual way such that the proportion of the base to casein 
was 80 X 10 ~ 5 equivalents per gram These solutions are neutral to phenol- 
phthalem and have an OH - concentration of 10~ s n The experiment 
was earned out in precisely the same manner as the previous one The 
following are the results obtained The figures in the column headed a -x 
are each the mean of three determinations 


TABLE III 


Basic lithium caseinate 37 5°C ± 1° 


TIME IN ' 

HOURS 

* 

a— i 


K 

KX10 S 

0 

0 

|B|f 




45 

7 


0 01752 

0 0003893 

39 

137 

15 


0 03845 

0 0002807 

28 

281 

23 

154 

0 06045 

0 0002151 

21 5 

Basic sodium caseinate 37 5°C ± 1° 

0 

0 

175 




45 

6 


0 01517 

0 0003371 

34 

137 

14 


0 04621 

0 0003373 

34 

281 

23 

152 

0 06120 

0 0002178 

22 


Experiment 3 This experiment was carried out in exactly the same 
.•a> with the basic caseinates of Ca and Ba 


TABLE rv 


Basic calcium caseinate 38 5° C =*= 1° 


TIME IN 
HOURS 

X 

a — x 


K 

KX10* 

0 

0 

153 




144 

40 

113 

0 13162 

0 0009139 

91 5 

288 

48 

105 

0 16350 

0 0005677 

57 0 

432 

60 

93 

0 21621 

0 0005005 

50 0 


Basic barium caseinate 


0 

144 

0 

40 

153 

113 

0 13151 

0 0009139 

288 

51 

102 

0 17609 

0 0006115 

432 

66 

87 

0 24517 

0 0005675 


91 5 
61 0 
56 6 
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The results tnbuhtcd m the shove tables show that the basic 
casemates of Li and N v ire hyd robbed with equal velocities 
and that the iclocitj constant is slightty higher than that ob- 
tained for the neutral caseinates The rate of autohydrolysis 
of the basic casemates of Ca and Ba is about three times as great 
as that of Li and Na This fact indicates that some factors 
other than H or OH 10ns iccelerate the reaction The above 
experiments on the autohydrolysis were all carried out with the 
same preparation of casein so that the results are in every way 
companble It will be observed, also, that in all cases the values 
of the a elocity constants dimmish as the reaction proceeds, thus 
indicating that the reaction is a re\ersible one and that the point 
of equilibrium is attained before complete hydrolysis It appeared, 
therefore, that probably the accumulation of the products of 
the reaction caused the falling off m the velocity constant I 
therefore set out to determine this influence m the following way 

ExPERisfEVT 4 A 04 per cent solution of basic sodium caseinate was 
prepared and 100 cc digests prepared in the usual waj except that 150 cc 
reagent bottles were used instead of Erlenmejer flasks A strong solution 
of the products of the trj ptic digestion of casein was prepared as described 
m the first part of this paper such that 10 cc contained the products 
that would be obtained from the complete hjdroljsis of each digest Var- 
ious amounts of this solution were added to the solutions under inves- 
tigation and the digestion earned out at 73 C C =*= 1° Two experiments 
of the same general character were earned out at different times The 
results obtained are tabulated in the following tables 


TABLE V 

0 cc products 73° C*= 1° 


TIME IN 

BO t7fiS 

X 

a— x 

****7=7 

* 

JCXIO 3 

0 

0 

360 




24 

41 i 

319 

0 05251 

002188 

22 

48 

63 

297 

' 0 08354 , 

001740 

17 5 

72 

89 

271 

0 12333 

001361 

13 5 



7 cc 

products 



0 

0 

360 



19 

24 

36 

324 

0 04575 

0 001906 

48 

62 

298 

0 08208 

0 001710 S 

17 
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forty-eight hours standing The filtrate from the mixture, how- 
ever, contains the active substance which is capable of hydrolyzing 
casein If the solution is heated to a higher temperature (boiling) 
the precipitate separates out immediately 

3 Neutral caseinates of Li, Na and K m stenle solution undergo 
comparatively rapid autohydrolysis, approximately 5 per cent 
of the substrate being hydrolyzed in ninety-six hours at 37 5°C 
The basic casemates .of the same bases undergo autohydrolysis 
at a slightly higher velocity 

4 The velocity constant for the autohydrolysis of the basic 
caseinates of Ca and Ba is about three times as great as that for 
Li and Na thus indicating that some factor other than the H or 
OH ions plays a part in accelerating the autohydrolysis Upon 
long standing it was observed that these salts had a very slight 
tendency to coagulate at a temperature of 36°C when strong 
solutions were employed In comparatively weak solutions this 
change was not observed 

5 The velocity constant for the autohydrolysis of the neutral 
and basic caseinates of the alkalies and alkaline earths calculated 

from the monomolecular formula, Logi 0 — - — = Kt, diminishes 

a x 

as the reaction proceeds 

6 The influence of the products of the tryptic digestion of 
casein upon the rate of autohydrolysis of basic sodium caseinate 
at 73°C ± 1° is only very slight and does not account for the 
rapid falling off m the velocity constant in the normal reaction of 
autohydrolysis If the phenomenon is due to the influence of the 
products of the reaction then the products of the tryptic digestion 
of casein are not identical with those of the autohydrolysis 

7 The temperature coefficient for the autohydrolysis of basic 
sodium caseinate between 37° and 73°C is approximately 7 

8 The failure to get complete hydrolysis of the neutral and 
basic casemates in the absence of a ferment or any other catalyser 
indicates that in the process of the hydrolysis of casein by trypsin, 
which is a monomolecular reaction, the station of equilibrium is 
shifted in the direction protein — > products by the enzyme 

It is a pleasure to thank Dr T Brailsford Robertson for his very 
valuable advice and unremitting interest during the progress of 
these studies 



ON THE PRESENCE OF ACTIVE PRINCIPLES IN THE 
THYROID AND SUPRARENAL GLANDS BEFORE AND 
AFTER BIRTH 


(Secovd Paper ) 

Bi FREDERIC FENCER 

{From the Chemical Research Laboratory of Armour and Company, Chicago ) 
(Recen cd for publication, May 6, 1912 ) 

In the first paper on this subject it was shown that both the 
thyroid and suprarenal glands from beef, hog and sheep contain 
their active principles not only at time of birth of the animal but 
also in the fetus In the first series of experiments no distinction 
was made as to the sex of the fetus nor was the relation between 
the glands of the pregnant animals and those of the correspond- 
ing fetuses considered Another important factor which has not 
been taken into consideration is the relative activity of the ductless 
glands of the fetus and of the corresponding digestive glands As 
far as the available material permitted, these problems are dis- 
cussed m the present paper 

Wth reference to the age and sex of the fetus two important 
questions naturally suggest themselves, namely, how soon after 
conception do the glands of the fetus contam active principles, and 
does the content of active principles in these glands bear any rela- 
tion to the sex of the fetus 9 In trying to answer these questions 
the following set of expenments was made The work was hmited 
to glands from cattle, as the fetuses of sheep and hogs were too 
small for practical purposes 

Three stages of age were selected, namely, the fetus six to twelve 
weeks old, the fetus four to five months old, and suckling calves 
six weeks old The glands from the different sexes of the animals 
were prepared for analysis by trimming and weighing, mincing, 
drying at 35° to 50°C to constant weight, and freeing from fat 
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Thyroid and Suprarenal Glands 

by extracting with petroleum ether m the Soxhlet's extractor - All 
the determinations were made m duplicate on composite samples 
of glands from the number of fetuses and young animals specified 
m the tabulation below The thyroid as well as the suprarenal 
glands were obtained from the same animal in all instances 


TABLE 1 



FETUS BIX TO TWELVE 

FETUB FOUR TO FT\ E 

I BUCKLING CALVES SIX 


WEEKS OLE 

MONTHS OLD 

1 WEEKS OLD 


Male 

Female 

tlble 

Female 

Male 

Female 

Number of 
fetuses 

Average weight 

20 

20 

6 

9 

17 

23 

of fetuses, 
grams 

623 

62G 

5320 

534S 



Average weight 







of thyroid 
glands, grams 

0 22 

0 29 

1 90 

2 60 

8 20 

8 00 

Average weight 







of suprarenal 
glands, grams 

0 07 

0 08 

0 36 

0 40 

1 70 

1 80 

Iodine in desic- 







cated fat-free 
thyroids, per 
cent 

0 07 

0 08 

0 31 

0 20 

0 21 

0 25 

Epinephrm m 







desicpated fat- 
free supra- 
renals, per cent 

3 20 

3 40 

3 80 

4 20 

2 60 

3 00 


The above figures show definitely that both the thyroid and 
the suprarenals of the fetus contain active principles withmafew 
weeks after conception Also, the epinephrm in the suprarenals 
seems to be present m larger and more uniform proportions than 
the iodine m the thyroids The amount of iodine m the thyroids 
does not seem to have any definite relation to the difference in sex, 
whereas the quantities of epinephrm m the suprarenals seem to 
be slightly higher throughout m the female than in the male gland 
It will, however, require more extended investigations to decide 
■whether these observations will hold good throughout, or are purely 
accidental 
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In order to ascertain if the thyroids from sheep and hogs are 
norimlh enlarged and the secretions increased during pregnancy, 
and whether any definite relationship exists between the amount 
of iodine in the glands of the pregnant animals and those of the 
corresponding fetuses, the following senes of experiments w r as 
conducted on glands from pregnant hogs and sheep and the corre- 
sponding fetuses Four sets of analyses w r ere made at intervals of 
a week, two on sheep glands and two on hog glands This pre- 
caution was taken to insure variation in sources of the stock and to 
eliminate possible influences of local conditions upon the animals 
coming from the same locals The glands were prepared for 
analjsis as described before 


TABLE 2 
She ep thyroi ds 



| FETUB TWO TO FOUR 

MONTHS OLD j 

FETUS THFIEE TO FOUR 
! AND A HALF MONTHS 
OLD 


Ewo 

Fetus 

Ewe 

Fetus 

Number of glands 

10 | 

17 

8 

8 

Maximum weight per gland, gravis 

10 8 

1 3 

8 7 

2 3 

Minimum weight per gland, grams 

3 4 

0 4 

1 8 

1 1 

Average weight per gland, grains 

0 0 

0 8 

4 7 

1 7 

Moisture, per cent j 

71 5 

80 0 

00 8 

82 7 

Soluble in petroleum ether, per cent] 

1 6 

0 7 

6 0 

0 8 

Desiccated fat-free gland, per cent 
Iodine in desiccated fat-free gland, 

26 9 

19 3 

33 2 

1 

16 5 

per cent 

0 53 

0 36 

0 28 j 

0 09 


TABLE 3 
Hog thyroids 





FETUS, three months ! 

OLD 1 

. 

FETUS THREE MONTHS 
OLD 


Sow 

Fetus j 

Sow 

Fetus 

Number of glands 

1 

10 

4 i 

so 

Maximum weight per gland, grams 

11 1 

0 34 

13 0 

0 30 

Minimum weight per gland, grams 

11 1 

0 27 j 

6 0 

0 15 

Average weight per gland, grams 

11 1 

0 30 

9 5 j 

0 21 

Moisture, per cent 

64 0 

85 7 

67 4 

81 3 

Soluble in petroleum ether, per cent 

15 2 

1 0 

8 7 

1 5 

Desiccated fat-free gland, percent 
Iodine in desiccated fat-free gland, 

20 8 

13 3 

1 

23 9 

17 2 

per cent 

0 24 

0 11 

0 45 

| 0 32 
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The results obtained above show decided individual variations 
in the amount of iodine present in the thyroid gland of the hog 
and sheep They also indicate a definite tendency m the relation 
between the amount of iodine in the glands of the pregnant ani- 
mals and those of the corresponding fetuses The thyroid gland 
during pregnancy of the hog and sheep does not show any material 
increase m weight or size The moisture content, however, is 
somewhat lower, and the amount of iodine, in at least some in- 
stances, higher than in the normal glands of full-grown, non-preg- 
nant hogs and sheep 

So far the writer has dealt with the ductless glands exclusively, 
and while it has been proven satisfactorily that in the fetus, at 
least, the thyroid and suprarenals, contain their active principles 
long before the time of birth, the possibility still suggested itself 
that a similar condition might exist in the digestive glands 

The digestive glands are not active m the fetus, at least they do 
not exercise the same function before birth as they do after, and if 
we, therefore, should find the same active principles in them before 
birth, we might reason by analogy that the presence of active prin- 
ciple in a gland does not necessarily mean activity on the part of 
the gland If this should be the case it would conflict with the 
idea expressed by the writer that the amounts of active principle 
present in the thyroid and suprarenals are indications of the rela- 
tive activity and that since the secretions of these glands are neces- 
sary, not merely for the maintenance of life and healthy metabo- 
lism, but also to govern the growth of the young animal, we might 
reasonably expect to find these glands active, not merely at the 
time of birth, but also m the fetus, especially as these glands only 
produce internal secretions, which as far as we know, do not enter 
the alimentary tract 1 

Of the digestive glands the hog pancreas was found most suitable 
for investigation, partly on account of the size, and also because 
the methods for the assay of the diastatic ferment are, in practice, 
best known as applied to the product obtained from the hog The 
pancreas from full-grown hogs as well as from the fetuses were 
collected simultaneously with the thyroid glands 


‘This Journal, xi, p 489, 1912 
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The U S Pharmacopoeia (1905) test for dmstatic power of 
pancreaim Mas applied both to the desiccated fat-free pancreas of 
the hogs and the fetuses It was found that w hile the pancreas 
from the full-grown animals showed n-diastatie power of 1 40 in 
five minutes, the pancreas from the fetuses showed a di astatic 
pow er of only 12 5m one hundred and twenty minutes, or a mere 
trace Desiccated pancreas testing 1 40 in five minutes in dia- 
stafic power wall test approvimately 1 350 in one hundred and 
twenty minutes In this instance, therefore, the pancreas from 
the full-grown hogs showed a diastatic power approximately one 
hundred and forty times higher than the pancreas from the fetuses, 
while the thyroids from pregnant hogs contained only from one- 
half to one-third more iodine than the corresponding fetuses 
When these facts are taken into consideration, and when it is 
borne m mind that hepatic and renal activities are established at 
an early date during mtra-uterme life, it seems reasonable by 
analogy to assume that both the thyroid and suprarenals of the 
fetus take a distinct and active part m the growth and develop- 
ment of the unborn animal 




ON THE NATURE OF THE SO-CALLED ARTIFICIAL 
GLOBULIN 

B\ ROBERT BANKS GIBSON 

(From the Deportment of Physiology and Pharmacology, University of 
Minnesota ) 

(Received for publication, May 6, 1912 ) 

In a paper published several years ago, Moll 1 reported the ap- 
parent conversion of serum albumin into serum globulin This 
change w as accomplished by heating the albumin at 55° to 60°C 
for an hour after the addition of a little dilute alkali In the proc- 
ess, a part of the sulphur of the protein was split off, and the result- 
ing products had the properties and the elementary composition 
of the so-called “eu-” and “pseudo-” globulins 

Moll considered that his artificial globulins were identical with 
the serum globulins He further suggested that the well known 
increase of the serum globulin content of the blood, 2 along with 
coincident fall in the serum albumin, might be explained as the 
result of a similar change 

The results obtained by Moll were at first generally accepted 
Hammarsten 3 has pointed out, however, that a true conversion of 
the serum albumin into serum globulin is a priori out of the ques- 
tion, for by the action of a weak alkali on the albumin, which 
yields no glycocoll on cleavage, we cannot expect to obtain a pro- 
tein which contains glycocoll 

Recent observations on the formation of hippunc acid, indicate 
that the glycocoll may be either synthesized in the body or formed 
by the cleavage of other ammo-acids Thus A I Ringer 4 has 

1 Moll Hofmeisler’s Beitrdge, iv, p 563, 1904, vn, p 311, 1906 

5 For the literature, see Gibson and Banzhaf J ourn of Exp Med , mi, p 
411, 1910 

5 Hammarsten-Mandel Text-book of Physiological Chemistry, p 103, 1911 

4 A I Ringer This Journal, x, p 327, 1911 
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found that goats have the power of eliminating hippunc acid con- 
taining much more glycocoll than would be found preformed in the 
proteins metabolized Epstein and Bookman 5 have also shown 
that after carbohydrate feeding, the production of glycocoll for 
the formation of hippunc acid can occur independently of the rest 
of the protein metabolism The possibility of the formation of 
glycocoll from other amino-acids, at least m vivo, is not excluded 
Osborne and Mendel 6 have just shown, also, that certain pro- 
teins, deficient m glycocoll, not only will maintain the normal 
waste and repair of the tissues, but wall even serve for growth 
purposes as well 

Recently Breml , 7 extending the work of Cervello 8 on the quanti- 
tative alterations of the blood proteins after the administration 
of antipynne, has described an increase in the serum globulin and a 
diminished albumin content of similar character to the changes 
reported during immunization He believes that he is dealing 
here with a transformation identical with Moll’s conversion 
Breml also points out that the glycocoll, which is present m the 
normal serum globulin, might be formed from the cleavage of the 
cystine of the serum albumin and w r ould accordingly be obtained 
on the hydrolysis of the artificial serum globulin 

Partly in view of this newer wmrk on the blood changes after 
antipyrine and on the origin of glycocoll, and m part as a prelimi- 
nary work for the study of the nature of the protein changes dur- 
ing immunization, it seemed worth while to take up once more 
this so-called transformation of serum albumin into serum globu- 
lin The changes wduch the albumin has undergone in Moll’s 
conversion may most easily be followed by determining the dis- 
tribution of the nitrogen according to Hausmann If the artifi- 
cial globulin resembled the natural serum globulm in this respect, 
the protein could be hydrolyzed and glycocoll isolated if present 
The partition of the mtrogen in Moll’s artificial pseudoglobulm 
was accordingly determined As was expected, it was shown that 
the artificial pseudoglobulm (soluble m saturated sodium chloride 

‘Epstein and Bookman This Journal, x, p 353, 1911 
e Osborne and Mendel Bull of the Carnegie Inst of Washington, D C , 
No 156, Part II 

i Breml Arch f exp Path u Phar , lxv, p 309, 1911 
1 Cervello Ibid , Kn, p 357, 1910 
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solution) differs from the serum albumin — so far as the nitrogen 
distribution is concerned — only m having a smaller amid nitrogen 
content A determination on some normal serum globulin, pre- 
cipitated at half saturation ammonium sulphate and dissolved m 
saturated sodium chloride solution, was made for comparison 
The results indicate that the natural and artificial globulins are 
not identical 

A 2 per cent solution of crystallized and dialyzed serum albumin 
(from horse blood) was heated for an hour with an equal amount 
of Tro sodium carbonate solution as directed by Moll The mixture 
was then precipitated with an equal volume of saturated ammo- 
nium sulphate solution The precipitate was redissolved, again 
precipitated at half saturation, filtered and pressed out between 
filter papers The artificial globulins were then dissolved in water, 
filtered through pulp, saturated with sodium chloride and filtered 
after standing for a few hours The “globulin” was almost en- 
tirely soluble m the saturated sodium chloride solution The fil- 
trate was precipitated with acetic acid, filtered and pressed out 
between dry filter paper It was then redissolved m water, fil- 
tered through pulp and coagulated by heat The coagulum was 
collected on a Buchner funnel, w’ashed until the filtrate no longer 
gave a sulphate or chloride reaction, w r as treated with hot alcohol 
and dried A nitrogen determination gave 15 95 per cent by the 
Kjeldahl method 

The determinations of the nitrogen partition for the artificial 
pseudoglobulin are given as percentages of the total protein m the 
following table, along with a similar analysis on the normal serum 
albumin by Osborne and Harris 9 



; ARTIFICIAL PSEUDOGLOBT7LIN | 

SERUM ALBUMIN 
(OSBORNE AND 


i 

n 

HARRIS) 

Amid N* 

0 64 

0 63 

1 01 

Non-basic N t 

9 38 

9 44 

9 61 

Basic N 

5 77 

5 88^ 

5 30 

Melanoid N 

0 16 

0 14 

0 16 


‘Denis Th Is Journal vlll, p 427 1 910 
I B> difference 


Osborne and Hams Journ of the Amer Chem Soc , xxv, p 323, 1903 
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As seen m the table, there are no noteworthy differences in the 
nitrogen partition, except the low amid nitrogen The diamino 
nitrogen is slightly higher than Osborne and Harris' figure, but the 
method for this determination is hardly exactly quantitative, and 
pronounced differences only can be considered 
In the following table are given the results of the analyses for 
the nitrogen partition m the saturated sodium chloride soluble 
normal serum globulin (from horse serum) The preparation 
contained 15 60 per cent of nitrogen The results show a higher 
melanoid nitrogen and the characteristically low basic nitrogen 
The figures in these respects are essentially different from those 
obtained for the artificial pseudoglobuhn 



NORMAL PSEUDOOLOBUUN 


X 

ir 

Amid N 

0 95 

1 Oi 

Non-basic N 

10 84 

30 60 

Basic N 

3 38 

3 51 

Melanoid N 

0 43 

0 45 


It would seem, then, that Moll’s artificial serum globulin is to 
be regarded simply as an intermediate stage in the formation of the 
alkali metaprotein 







INORGANIC PHOSPHORUS IN PLANT SUBSTANCES 
AN IMPROVED METHOD OF ESTIMATION 

Bi R C COLLISON 

( From the Department of Nutrition of the Ohio Agricultural Experiment 
Station, Wooster, Ohio ) 

(Received for publication, May 16, 1912 ) 

In the synthesis of organic phosphorus compounds by the plant 
and in their storage in the seed as reserve food the inorganic phos- 
phates play an important part The phosphorus used m this syn- 

thetic process is taken into the plant m inorganic form and used m 
the building up of complex organic phosphorus compounds such 
as lecithins, phospho- and nucleo-protems and salts of phytic acid 
It is believed by some investigators that unmodified plant tissue 
and a large number of the seeds contain practically no phosphorus 
m inorganic combination Since inorganic phosphate is the start- 
ing point m the synthesis of organic phosphorus compounds and 
since there exist m the plant enzymes which have the property of 
splitting off inorganic phosphorus from such compounds, it would 
seem probable that at least an appreciable quantity of phosphorus 
m inorganic form might be found in such plant tissues and seeds 
At any rate, such a supposition has been well sustained in a 
previous paper from this laboratory by E B Forbes, A Lehmann, 
R C Collison and A C Whittier, m which was included the 
original acid alcohol method of inorganic phosphorus estimation 
Methods of estimating inorganic phosphorus in plant substances 
usually begin with some means of acid extraction of the material 
with subsequent separation of the phosphates from the extract 
Some of the proposed methods may be questioned on the ground 
of mechanical imperfection and also because they do not take into 
sufficient consideration the influence of organic matter on the pre- 
cipitation of phosphates with the common precipitating agents 
This influence on precipitation was investigated two years ago m 
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connection with the above mentioned paper 1 Dilute acid 
extracts of plant substances contain, besides inorg ani c salts, pro- 
teins, carbohydrates and, m the case of cereals, salts of phytic acid 
The proteins and carbohydrates both inhibit the formation of 
ammomum-phospho-molybdate and the salts of phytic acid, especi- 
ally, have the property of suppressing the formation of this pre- 
cipitate in a marked degree This influence of phytm was reported 
upon m our previous publication That it is no small factor con- 
tributing to the accuracy of the final results can be readily appre- 
ciated from the results below, which are quoted from the previous 
paper 

TABLE 1 


Influence of phyhn on the precipitation of phosphorus 


OKAM8 PHTTIN 

GRAMS PnOBPII ATE RECO\ ERED 

1 0000 

0 0000 

0 5000 

0 0260 

0 4000 

0 0329 

0 3000 

0 0371 

0 0000 

0 0420 


Phytm is only one of the substances present m acid extracts of 
seeds which may have a retarding or inhibiting influence on the 
precipitation of phosphorus 

These results, it is believed, indicate very clearly that some 
failures to demonstrate the presence of inorganic phosphorus in 
seeds could have been due to imperfections m the analytical 
methods 

There is no absolute standard with which we can compare results 
by different methods The only standard we have for comparison 
is one established by the addition of a known quantity of pure 
phosphate to a plant substance together with the constancy of 
analytical results Complete recovery of the phosphorus added 
and a constant result for inorganic phosphorus without such addi- 
tion, would then constitute a fair test of any given method 

The difficulties in precipitation above noted, have been largely 
overcome m the original acid-alcohol method of this department 
A bnef description of this method is here given 

i Bulletin 215, Ohio Agr Exp Sta , April 1910 

5 Loc at 
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Commercial pin tin was dissolved in 0 2 per cent nitric acid and pure 
sodium phosphate, equivalent to 0 0420 gram of magnesium pyrophos- 
phate, was added Acid mol j bdntc solution in cvccss was then added and the 
solutions digested at 60° C for one hour The volume of the solutions was 
about 200 cc 

Ten grams of the substance w ere extracted with 300 cc of 0 2 per cent 
hvdrochlonc acid for three hours and 250 cc of the filtered extract were pre- 
cipitated with magnesia mixture and made strongly ammomacal After 
twelve hours the precipitate was filtered off and washed with ammonia and 
finallj with alcohol The dried paper with the precipitate was thoroughly 
shaken with a measured v olumc of acid alcohol, the mixture filtered, an 
aliquot of the filtrate cv aporated and phosphorus determined in the residue 

This method avoids the necessity of precipitating phosphorus 
m the presence of proteins and salts of phytic acid It has now 
been in use for tw o 3 ears in this laboratory and has given more 
satisfactor3 r results than any method previous^ used 

In all the plant substances examined from time to time, appreci- 
able quantities of inorganic phosphorus have been found by this 
method A few results are here given for illustration 

table 2 

Total and inorganic phosphorus in a few plant substances 


flOD9T\KCE 

TOTAL P 

INOBOANIC P 


per cent 

per cent 

Oats, grain 

0 397 

0 060 

Wheat, grain 

0 394 

0 036 

Corn, grain 

0 266 

0 041 

Soy beans 

0 547 

0 054 

Cow r peas 

0 445 

0 056 

Rice polish 

0 600 

0 027 

Alfalfa hay 

0 230 

0 136 

Blue grass 

0 256 

0 158 


With substances giving extracts low in organic material, as is 
the case with the rough feeds, such as the hays, and also with many 
other substances the method gives consistent results But with 
substances giving extracts high in organic material, this method may 
cause, in some cases, high results due to great difficulty m filtering 
the extracts, the prolonged standing probably causing decompo- 
sition of organic phosphorus compounds, and m other cases, low 
results due to the influence of orgamc substances on precipitation 
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ot magnesium-ammonium-phosphate These difficulties are met 
Math especially m the extracts of leguminous seeds which are m 
general extremely difficult to filter 

With the purpose of eliminating these possible sources of objec- 
tion, the author proposes a modified and improved method which 
retains the essential point in the original method, namely the acid 
alcohol separation of phosphates from phytates, but differs from 
the original m the omission of the preliminary acid water extraction 
and magnesia mixture precipitation, the acid alcohol separation 
bemg performed on the fresh substance direct, and differing also by 
such arrangement of details as permits of the saving of the alcohol 

As was demonstrated m the publication of the original acid alco- 
hol method, cold acid alcohol (94 per cent alcohol containing 0 2 
per cent hydrochloric or nitric acid) has the property of dissolving 
the common phosphates n hieh are insoluble m neutral or slightly 
alkaline alcohol and of separating them from phytates, which are 
insoluble in this reagent Most proteins, nucleic acid from yeast, 
and carbohydrates appear for the most part to be insoluble 
Taking these facts into consideration, a direct acid alcohol ex- 
traction is proposed Such an extraction would insure solution 
of inorganic phosphates, which could be filtered from the un- 
dissolved organic phosphorus compounds in the residue 

For the investigation of this improved method, three plant 
substances were selected 

1 Soy beans, on account of their high percentage of soluble pro- 
tein and also because dilute acid-water extracts of the ground beans, 
as well as the precipitated extracts, are extremely difficult to filter 

2 Rice polish, on account of its rather high content of phytin 

3 Corn germ meal, on account of its content of nucleic acid 
phosphorus 

The improved method of procedure, m detail, is as follows 

A 10 gram sample of the substance, very finely ground, is placed m a 
400 cc flask and covered with exactly 300 cc of 94 to 96per cent phosphorus 
free alcohol, which contains 0 2 per cent of hydrochloric acid (calculated 
from the per cent HC1 m the concentrated acid) The flask is shaken at 
intervals of five minutes for three hours The extract so obtained is then 
filtered through dry, double II cm filters into dry flasks No suction is 
necessary An aliquot of 250 cc of this filtrate is placed in a 400 cc beaker 
and made just alkaline to litmus paper with ammonia A slight excess of 
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ammonia docs no harm The solutions arc allowed to stand from eight to 
twehc hours or o\er night and then filtered through double 11 cm filters, 
care being t ihcn to decant the clear liquid ns far ns possible The precipi- 
tate is then transferred to the filter and w ashed w ith 94 to 96 per cent alcohol 
which Ins been made just ammoniacal In transferring the precipitate 
some of the material may stick \cry tenaciously to the beaker In this 
case, after cleaning the beaker fairly well, add five drops of hydrochloric 
acid to the beaker, rub out the latter with a rubber tipped rod, add 10 cc 
of alcohol and then make just alkaline with ammonia and transfer this last 
portion to the filter In this way the last traces of the precipitate can be 
casih remov ed After washing several times, the inner filter with the pre- 
cipitate is spread out and nllow ed to dry completely It is then transferred 
to nn Erlcnmeycr flask containing exactly 100 cc of 0 5 per cent nitric acid 
in water (calculated from the per cent HNO s in the concentrated acid) 
The flask is stoppered and the contents thoroughly shaken until the paper 
and precipitate are broken up It is best to let it stand for some hours 
The material in the flask is then filtered through dry, double 11 cm filters 
into dry beakers and exactly 75 cc of the filtrate precipitated with 50 cc 
of official acid molybdate solution in the usual way, 10 grams of ammonium 
nitrate and two hours digestion at 60°C are usually sufficient The final 
result represents the amount of inorganic phosphorus m 6 25 grams of the 
original sample 

It is advisable to reprecipitate the pyrophosphate, if the final solutions 
are highly colored, which is sometimes the case wuth some of the rough 
feeds, as the hay s In the case of such substances, which are relatively high 
in inorganic phosphorus, a smaller sample may be taken, 3 to 6 grams 
In using this method with substances which are tenacious and gummy 
and which do not break up readily in acid alcohol, as is true of dried fruits 
and other substances containing considerable sugar, the same may be worked 
up with sand and a definite quantity of water, 15 to 20 cc are usually sufficient 
This may be done in a mortar and the material washed out into the flask 
with acid alcohol, care being taken to use the correct volume, namely 300 
cc minus the quantity of water used 

This method deflocculates substances the most refractive m this regard 

Three sets of determinations were made by this method on soy 
beans, rice polish and corn germ In each case determinations 
were made with and without the addition of a known amount of 
pure phosphate, in an endeavor to recover the latter completely 

The first two sets of results were slightly low, due to insufficient 
time given for precipitation, since the filtered extracts were made 
ammoniacal and filtered immediately Following the detailed 
method as stated, allowing the extracts to stand after precipitation 
the specified twelve hours, excellent results were obtained as shown 
by the following table 
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TABLE 3 

Recovery of added phosphorus by improved method 


BUB6TANCE 

I 

1 WITHOUT 

\ rnoarnATE 

•wiTn 

phosphate 

0 0037 GUAM P 

j THEORETICAL 
RESULTS 1 

INORGANIC P 


gram 

gram 

! gram 

per cent 

Soy beans 

1 0 0015 

0 0053 

! 0 0052 

0 024 

Rice polish 

| 0 0012 

0 0048 

; 0 0048 

0 019 

Corn germ 

, 0 0018 

i 0 0053 

t 0 0054 

i 1 

0 029 


The figures are grams of phosphorus (element) and are averages 
of three determinations The first column of figures represents 
the quantity of inorganic phosphorus found in the material itself 
Column two represents the amount found after the addition of 
pure phosphate in known quantity, and column three, the results 
which should have been obtained after adding -pure phosphate, 
assuming that the figures m column one are the correct ones for 
inorganic phosphorus For example, the inorganic phosphorus 
in 6 25 grams of soy beans amounted to 0 0015 gram of phosphorus 
To every G 25 grams of sample was added pure sodium phosphate 
equivalent to 0 0037 gram of phosphorus Thus if the added phos- 

TABLE 4 


Inorganic phosphorus by improved method with and without pure phosphate 


1 

1 

SUBBTANCE 

1 

a 

H 

£ 5 

8f 

0. 

j|3 

S O 

««rs i 

E °S 1 

E P,© 

: * ; 

W 1 

KB K 

M O C. H 

* a w < 

£ S « H 

Je 

*3 

gg 

u J 

, a £ 

1 n to 

S w 

W a 

W ” 

1 H 

b 

U 

Z 

< 

0 

a 

o 

A 

1 

gram I 

i gram 

gram 

j gram 

per cent 

Cow peas 

0 0014 

0 0053 

0 0051 

0 0051 

0 023 

Oil meal 

0 0017 

0 0057 

0 0053 

0 0054 

0 027 

Corn meal 

0 0016 

0 0056 

0 0051 

0 0053 

0 025 

Wheat, grain 

0 0008 

0 0046 

0 0044 

0 0045 

0 012 

Wheat, bran 

0 0021 

0 0063 

0 0060 

| 0 0058 

0 034 

Wheat, germ I 

0 0025 

0 0068 

0 0064 

0 0062 

0 040 

Clover hay 1 

0 0043 

0 0085 

0 0082 

; 0 ooso 

0 070 

Timothy hay 

0 0030 

0 0068 

0 0067 

0 0067 

0 047 

Oats, grain 

0 0020 

0 0067 

0 0064 

0 0063 

0 041 

Cottonseed meal ; 

0 0014 

0 0055 

0 0053 

0 0051 

0 023 

Rice polish 

0 0012 

0 0050 

0 0049 

0 0049 

0 019 

Corn germ 

0 0018 

0 0055 

0 0055 

0 0055 

0 029 

Soy beans 

0 0015 

0 0053 

0 0052 

0 0052 

0 024 
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Pliorus u as completely recovered, the result should have been 0 0015 
+0 0037=0 0052 gram of phosphorus for the theoretical 
These results check with the theoretical as closely as could be 
desired, indicating complete recovery of the phosphate 
In table 4 are given similar results on a more extended scale 
The pjrophosphate ms reprecipitated, the results being given m 
column three 

The figures represent grams of phosphorus (element) Here 
again the results agree well with the theoretical m every case The 
extracts of substances which, by the original method filter with 
great difficulty, by the improved method filter with great ease, 
as veil as the solutions after precipitating by neutralization 
In order to make the comparison complete a similar series of 
determinations v as made by the original method, on the same 
substances, with and without phosphate added 


TABLE 5 

Results by original method Comparison of original and improved methods 


SUBSTANCE 

8 & 

If 

* 

P. 

w 3 

H t 
< a 

s O 

»co 

- 

~ CL© 

£ 

U 

w 5 

si 

5 

inohq\nic p 

■52 

0 

Imprmcd 

Method 


pram 

pram 

pram 

per cent 

per cent 

Cov peas 

0 0013 

0 006S 

0 0094 

0 020 

0 023 

Oil meal 

* 

* 

* 

* 

0 027 

Corn meal 

0 0014 

0 0092 

0 0095 

0 022 

0 025 

Wheat, grain 

0 0006 

0 0074 

0 0087 

0 009 

0 012 

Wheat, bran 

0 0037 

0 0098 

0 0118 

0 059 

0 034 

Wheat, germ 

0 0022 

0 0090 

0 0103 

0 035 

0 040 

Clover hay 

0 0037 

0 008S 

0 0118 

0 059 

0 070 

Timothy hay 

0 0026 

0 0105 

0 0107 

0 042 

0 047 

Oats, grain 

0 0034 

0 0110 

0 0115 

0 055 

0 041 

Cottonseed meal 

0 0048 

0 0124 

0 0129 

0 076 

0 023 

Rice polish 

0 0016 

0 0087 

0 0097 

0 025 

0 019 

Corn germ 

0 0018 

0 0097 

0 0099 

0 029 

0 029 

Soy beans 

0 0010 

0 0032 

0 0047 

0 015 

0 024 


Un filterable 


The results in the first three columns are expressed m grams of 
phosphorus (element) The inorganic phosphorus was recovered 
in five cases, namely, corn meal, timothy hay, oats, cottonseed 
meal and corn germ It is interesting m this connection that all 
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five are substances which do not give a large quantity of organic 
material on extraction On the other hand, cow peas, wheat, 
wheat bran, wheat germ, clover hay, rice polish and soy beans are 
all plant substances which yield a large quantity of soluble organic 
matter on extraction, which has evidently had its effect in prevent- 
ing complete precipitation, since the phosphate added was not 
entirely recovered m these substances 

Hydrolysis has possibly been a factor contributing to the varia- 
tions in the results by the two methods, especially in the case 
of cottonseed meal and wheat bran The higher results m these 
two substances may indicate the splitting off of inorganic phosphorus 
from organic compounds This factor could have considerable 
bearing on results by the original method in which extraction and 
precipitation are made m a water solutiom On the other hand, in 
the improved method this factor would not have special significance, 
since extraction and filtration are made in alcohol, and the presence 
of strong alcohol, practically throughout the process, tends to 
prevent enzyme action and bacterial decomposition 

As a factor in causing low results may be mentioned the property 
of some organic bodies to combine with inorganic salts m water 
solution and also the property of such bodies of inhibiting the pre- 
cipitation of phosphorus, either chemically or mechanically Phy- 
tin, proteins and carbohydrates seem to have these properties, 
some in a marked degree 

The chief considerations winch recommend the improved acid- 
alcoliol method may be stated as follows 

1 Alcohol extraction prevents enzyme and bacterial decompo- 
sition of organic phosphorus compounds 

2 Most organic phosphorus compounds seem to be practically 
insoluble m the solvent 

3 Filtration of the extracts of even the most difficultly filter- 
able materials is very rapid 

4 Recovery of the alcohol used is possible 

5 A considerable saving of time over the old method is secure 

6 Results on all the substances examined seem to be constant 
and, in all cases, added inorganic phosphorus was complete y 
recovered 

The author -wishes to express thanks to Dr E B Forbes for is 
courtesy in making this investigation possible 



EXPERIMENTAL STUDIES ON CREATINE AND 
CREATININE 

IV THE ESTIMATION OF CREATINE IN THE PRESENCE OF 

SUGAR 

B\ WILLIAM C ROSE 

(f rotn the Laboratory of Physiological Chemistry, School of Medicine, Univer- 
sity of Pennsylvania ) 

(Received for publication, May 20, 1912 ) 

In the course of studies of certain phases of metabolism during 
diabetes, it was observed that the determination of creatme by 
the Benedict-Myers modification of the Folin method yields results 
much too high In the presence of sugar, heating in the auto- 
clave with normal hydrochloric acid oxidizes the sugar with the 
production of dark brown compounds which seriously interfere 
with the accuracy of the method These substances not only 
change the character of the color, giving it a brownish tint difficult 
to match with the bichromate solution, but they also greatly 
increase the color intensity, 1 e , the sugar decomposition products 
themselves give the creatinine reaction When pure solutions 
of dextrose are heated m the autoclave with equal volumes of 
normal hydrochloric acid, and the resulting mixtures treated with 
picric acid and alkali, intensely red solutions result Moreover, 
the brown sediment which separates during the autoclave heating 
of sugar-containing urines gives the Jaffd creatinine test when 
filtered off, washed, and treated with picric acid and alkali 
A single series of determinations on a normal human urine to 
which increasing quantities of dextrose were added, will suffice 
to indicate the magnitude of the analytical errors In this table, 
as in all succeeding ones, the quantities of creatinine are calculated 
from the averages of six to ten readmgs 

It is obvious that determinations by this method m the presence 
of sugar give readings decidedly too low (corresponding to too 
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TABLE I 


The influence of dextrose on the estimation of creatine by the HCl-autoctave 

method 


number 

BUOAR ADDED PER 

10 cc urine 

READINGS 

TOTAL CREATININE 


gram 

mm 

mgm 

1 

0 0 

10 1 

8 02 

2 

0 1 

8 0 

10 12 

3 

0 2 

6 S 

12 45 

4 

0 4 

6 1 

13 27 

5 

0 7 

62 

13 05 


much total creatinine) Frequently the creatine findings are 
10 to 50 per cent too large and, when considerable sugar and rela- 
tively small amounts of total creatinine are present, the creatine 
values may even be 100 per cent too large In fact it is surprising 
that the errors resulting from creatine estimations m diabetic 
urines have not been emphasized to a greater extent Dreibliolz 1 
called attention to the difficulty in matching colors after heating 
with hydrochloric acid, but apparently overlooked the fact that 
the decomposition products of sugar give the Jaffa; reaction 

To overcome the errors incident to the estimation, Dreibliolz 
attempted to remove the sugar from the urines by fermentation, 
but reported that the creatme-creatmine figures were then far 
too low, presumably owing to the destruction of creatine and cre- 
atinine by enzymes (creatase and crentinase) present m the yeas t 
So far as the writer is aware, these experiments have never been 
verified but even though creatase and crentinase were absent 
from yeast, fermentation would not be a desirable method of 
overcoming the difficulties m creatine estimation The possi- 
bility of bacterial decomposition of creatine and creatinine in 
the fermenting urines, and the necessary delay of twenty-four 
hours in obtaining the analytical results, would render the pro- 
cedure unsatisfactory 

In order to overcome the errors in the method, numerous at- 
tempts have been made to remove the interfering substances bj 
decolonzation with lead salts, colloidal iron hydroxide, etc , but 


1 Dreibholz Inaug Diss Greifswald, 1908 
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all attempts have been unsuccessful, because of a loss of creatinine 
m the process 2 The onty procedure that promised success was 
to obtain an acid which would quantitatively convert creatine 
into its anhydride and still would not caramelize sugar during 
the autoclave heating After experiments with several weak 
acids, a satisfactory one was found m phosphoric acid Heating 
in the autoclave with dilute solutions of phosphoric acid produces 
no perceptible oxidation of dextrose, even when the latter is present 
m relatively large concentrations (8 to 10 per cent) The sugar 
solutions are water-clear when removed from the autoclave More- 
over, creatine m all concentrations that occur in urines under 
physiological and pathological conditions, is quantitatively con- 
verted into creatinine by heating with twice the volume of 3 per 
cent phosphoric acid, for a period of thirty minutes at a tempera- 
ture of 117° to 120°C 

Phosphoric acid has an additional advantage over hydrochloric 
acid m that it produces much less oxidation of the urinary pigments 
The darkening of the color of urine by heating with hydrochloric 
acid, and the possibility of analytical errors resulting therefrom, 
has been alluded to by several investigators 3 Benedict 1 has 
recently emphasized the possibility of errors that may ensue from 
pigment oxidation He found that the precipitate which sepa- 
rates during the heating of normal urine with hydrochloric acid, 
gives the creatinine reaction, and to overcome this consequence he 
suggests the addition of granulated lead to the urine-hydrochloric 
acid mixture and evaporation to dryness over the free flame 
The creatine is quantitatively converted into creatinine during 
the evaporation and the small amount of hydrogen liberated from 
the acid by the lead prevents pigment oxidation It has been 
the writer’s experience that while this method gives beautiful 
results in sugar-free urines, the amount of hydrogen liberated is 
not sufficient to prevent sugar oxidation m diabetic urines In 
fact, if the urine contains sugar, direct evaporation over the free 
flame produces much more coloration than does the autoclave 
method of Benedict and Myers 

1 Dreibholz loc cil 

5 Weber Arch exp Path u Pharm , lvm, p 93, 1907, Domer Zeilschr 
f physiol Chem , hi, p 227, 1907 

‘Benedict Proceedings Amer Soc Biol Chem, Baltimore, Dec, 1911 
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The phosphoric acid method is now used by the writer m all 
human urines, either normal or diabetic, and has been found to 
give very satisfactory results The procedure is as follows To 
10 cc of urme are added 20 ec of 3 per cent phosphoric acid, and 
the mixture is heated for thirty minutes in the autoclave at a tem- 
perature of 117° to 120°C The solution is then cooled, neutralized, 
treated with sodium hydroxide and picric acid as in the Folin 
procedure, and allowed to stand for five minutes At the expir- 
ation of this time, it is diluted to a volume sufficient to make the 
readings m the colorimeter he within the range of 7 and 12 mm 
In the presence of sugar it is advisable to let the colored solution 
stand for three or four minutes after dilution before making the 
readings Dextrose itself tends to give a famt creatinine reaction 
after standing five to ten minutes with the picric acid and alkali 
Fortunately, however, this color rapidly fades on dilution, and 
entirely disappears within three or four minutes This delay 
causes no change m the intensity of the color due to creatinine 
It is necessary to avoid heating above I20°C and the use of acid 
stronger than 3 per cent At higher temperatures and with acid 
of greater concentration, creatinine is partially destroyed 
The above modification has been used m several hundred crea- 
tine estimations on human and rabbits' urines Its accuraci 
has been thoroughly tested with diabetic and normal urines, with 
and wathout the addition of sugar, with and without the addition 
of creatine and creatinine, and m pure solutions of creatine 
and creatinine with and without the addition of sugar With 
widely varying amounts of creatine and creatinine, and m the 
presence of dextrose m concentrations up to 8 per cent, it 
gives results as near theoretical as can be expected for a col- 
orimetric method m w r hich exactness necessarily depends m part 
upon the accuracy of the eye Typical series of determinations 
on normal and diabetic urines are shown m Tables II to \ The 
readings tabulated are for 10 cc amounts of urme diluted to vol- 
umes of 500 cc When the readings came below 7 or above 12 
mm , the greater dilutions were used, or estimations were re- 
peated with more urme The corresponding readings for the arbi- 
trary conditions of 10 cc diluted to 500 cc were then calculated 
For reasons as yet undetermined, the phosphoric acid modi- 
fication does not give satisfactory results with dog's urme Fre- 
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TABLE II 


Normal human urine 


i 

I 

NUMBER | 

DETEItMINATIOV 

FOB 10 CC 

' URIYE 

Readings 

Creatinine 



mm 

mgm 

1 1 

Preformed creatinine, 

13 6 

5 96 

2 

Total creatinine bj IiCl-autoclave method 

13 2 

6 14 

3 1 

Total creatinine bj HjPCh-autoclave method 

13 4 

6 04 

4 

. 

Same ns 3 -f- 0 G gm dextrose per 10 cc 

In 100 cc of Ihc same urine were dissolved 
34 5 mgm of creatine, corresponding to 3 mgm 
of creatinine per 10 cc of urine 

13 2 

6 14 

5 

Total creatinine bj HCl-autoclave method 

9 0 

9 00 

G 

Total creatinine by H s PO<-autoclave method 

8 9 

9 10 

7 

1 

Same as 6 -f- 0 G gm dextrose per 10 cc 

In a second portion of the original urine were 
dissolved 11G mgm of creatine per 100 cc , 
corresponding to 10 mgm of creatinine per 10 
cc 

' 9 0 

1 9 00 

8 

Total creatinine by HCl-autoclave method 

5 0 

1G 19 

9 

Total creatinine by H 3 PO<-au toe lave method 

4 9 

16 52 

10 

Same as 9 + 0 6 gram dextrose per 10 cc 

5 0 

16 19 

11 

Same as 9 + 0 8 gram dextrose per 10 cc 

5 0 

16 19 


quently the result for the total creatinine is considerably lower 
than for the preformed Canine urine, as is well known, contains 
several products not present m the urine of man or of rabbits 
It is possible that the presence of kynureruc acid or of ethyl sul- 
phide may be the disturbing factor, though it is difficult to under- 
stand why similar results are not obtained with hydrochloric acid 
The matter is now under investigation, and it is hoped that m 
the near future the difficulties in obtaining accurate results m 
the urine of dogs may be overcome 

Krause 5 has recently reported that the presence of acetoacetic 
acid causes a significant increase in the intensity of the color pro- 
duced by picric acid and sodium hydroxide, thereby leading to 
results too high for the preformed creatinine In consequence 

5 Krause Quart Journ of exp Physiol , m, p 298, 1910 
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TABLE III 


\ormal human urine 


KUMHER 

DFTrRMIVATIOV 

• 

for Wee vnisr 



Readings 

Creatinine 



mm 

mgm 

l 

Preformed creatinine 

7 6 

10 G5 

2 

Total creatinine b> HCl-nutoclave method 

0 5 

12 45 

3 

Total creatinine by HjPCb-autoclave method 

G G 

12 27 

4 

Same os 3 + 0 4 gram dextrose per 10 cc 

6 5 

12 45 

5 ! 

Same as 3 -f- 0 8 gram dextrose per 10 cc 

0 6 

12 27 


Creatine added, to urine — 3 48 mgm per 10 
cc , corresponding to S mgm creatinine 


I 

C 1 

Total creatinine by HCI-autoelax e method 

5 1 | 

; 15 87 

7 

Total creatinine by HjPOj-antoclnve method 

5 2 ' 

15 57 

8 

Same as 7 ■+- 0 G gram dextrose per 10 cc 

51 | 

15 87 


Creatine added to original urine — 11 6 mgm 
per 10 cc , corresponding to 10 mgm. creat- 

I 

j 



%mnc 



9 

Total creatinine bj HCl-autoclave method 

3 5 

23 14 

10 

Total creatinine by HsPOi-autoclave method 

3 G 

22 50 

11 

Same ns 10 + 0 G gram dextrose per 10 C( 

3 G 

22 50 


of this, the creatine values are, according to him, correspondingly 
too low He further states that the presence of acetone has no 
influence on the creatine-creatmme estimations, owing to the 
rapidity with which the color produced by acetone fades 
To test the influence of acetoacetic acid and acetone, a senes 
of experiments were performed m which varying amounts of these 
substances were added to normal urme, and the creatinine sub- 
sequently estimated Acetoacetic acid, m quantities not exceed- 
ing 0 25 gram per 100 cc of urine, produced no alteration in 
the readings, provided the tests were allowed to stand three or 
four minutes after dilution before making the readings During 
this time the color due to the acetoacetic acid entirely fades The 
result m one such test was as follows To 100 cc of normal urine, 
which contained 9 42 mgms of preformed creatinine per 10 cc , 
was added the amount of ethyl acetoacetic ester equivalent to 
0 25 gram of free acid Creatinine was then estimated, three 
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TABLE IV 

Mi Id diabetes — 0 8 per cent dextrose 


M*MDEn 

DETERMINATION 

FOR 10 CC CHINE 



Readings 

| Creatinine 


I 

mm i 

mgm 

l 

Preformed creatinine 

8 4 

9 64 

o 

Totnl creatinine bj HCl-autoclave method 

7 9 

10 25* 

3 

Total creatinine by HiPOi-autoclave method 

8 4 

9 64 


Crcolinc added to urine — 4 <>4 mgm per 10 
cc , corresponding to 4 mgm creatinine 

i 


4 

Total creatinine bj HCl-autoclate method 

! 5 6 

14 46* 

5 

Total creatinine by HjPOj-autoclave method 

5 9 

13 72 


Crcaftnc added to urine — 11 6 mgm per 10 
cc , corresponding to 10 mgm creatinine 



6 

Total creatine by HCl-autoclave method 

4 1 

19 75 

7 

Total creatinine by HjPO t -autoclave method 

4 2 

19 28 


' Note higher results r 1th the IICI method In the presence of dextrose 


TABLE V 


Severe diabetes — 8 per cent dextrose, carbohydrate-free diet 


NCMBER 

DETERMINATION 

FOB 10 CC URINE 

Readings 

Creatinine 

1 

Preformed creatinine 

mm 

13 4 

mgm 

6 01 

2 

Total creatinine by HCl-autoclave method 

9 6 

8 44* 

3 

Total creatinine by HjPCb-autoclave method 

11 2 

7 23 

4 

Creatine added to urine — 3 48 mgm perlOcc , 
corresponding to 3 mgm creatinine 

Total creatinine by HCl-autoclave method 

7 1 

11 40* 

5 

Total creatinine by HjPCb-autoclave method 

8 0 

| 10 12 

6 

Same as 5 + 0 5 gm dextrose per 10 cc 

8 I 

' 10 00 

7 

Creatine added to original urine— 11 6 mgm 
per 10 cc , corresponding to 10 0 mgm of 
creatinine 

Total creatinine by HCl-autoclave method 

. 

. 

4 4 

18 40 

8 

Total creatinine by HjPC^-autocIave method 

4 7 

17 22 

9 

Same as 8 + 0 5 gram dextrose per 10 cc 

4 7 

17 22 


* Note the effect of dextrose on the estimations bj the HC1 method 
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The Estimation of Creatine 


minutes being allowed for fading The readings showed the 
presence of 9 31 mgms of creatine per 10 cc Manifestly, 
such differences are well within, the limits of accuraej of the 
method In larger concentrations acetoacetic acid tends to in- 
crease the creatinine values It is rare, however, that a specimen 
of diabetic urine is obtained which contains more than 0 25 per 
cent of acetoacetic acid 

Acetone in all concentrations is without influence on the cre- 
atinine readings 

It is evident, therefore, that by the use of phosphoric acid in- 
stead of hydrochloric acid, and by allowing the diluted solutions 
to stand for a few minutes before making the readings, just as 
accurate estimations of creatine and creatinine may be made m 
diabetic as in normal urines 



FEEDING EXPERIMENTS WITH FAT-FREE FOOD 
MIXTURES i 

Bi THOMAS B OSBORNE and LAFAYETTE B MENDEL 

W ITH TIIF CobrERATION OF EdNA L FfRRT 

(From (he Laboratory of the Conncchcul Agricultural Experiment Station, 
and the Sheffield Laboratory of Physiological Chemistry in Yale Univer- 
sity, New Haven, Connecticut ) 

(Received for publication, May 20, 1912 ) 

Proteins (or their constituent ammo-acids 1 2 ) and carbohydrates 
m some phj'siologically available form are indispensable compon- 
ents of the diet If either of them are entirely eliminated from the 
food intake nutrition sooner or later becomes notably defective, 
however liberal the energy values of the remaining nutriment may 
be The ketonuria and acidosis which appear along with other 
phenomena when carbohydrate utilization completely fails are 
familiar, and the need of protein-nitrogen is one of the fundamen- 
tal postulates of physiology 

With respect to the actual requirement of fat on the part of the 
healthy organism there is at present almost no definite information 
available Fats are, of course, commonly found present m greater 
or lesser abundance in every dietary, but to what extent they rep- 
resent an indispensable need of the animal remains to be learned 
The reason why this apparently fundamental question in nutrition 
has not been answered before is presumably attributable to the 
experimental difficulties inherent in its solution Fats or fat-like 
substances are present to some extent m the majority of the famil- 
iar food materials, from which they can be completely removed onh 
with the expenditure of considerable effort and care, and the at- 

1 The expenses of this investigation were shared by the Connecticut Agri- 
cultural Experiment Station and the Carnegie Institution of Washington, 
D C 

* Cf Abderhalden, E Zeitschr f physiol Chcm , lxxvn, p 22, 1912 
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Growth on Fat-free Food 


tempts to maintain animals on artificially prepared mixtures of 
isolated food substances have, until lately, met with little success 2 
Associated with this problem is the possible significance of that 
hereterogeneous group of substances, resembling the fats m certain 
physical properties, found with them m nature, and currently des- 
ignated as “lipoids ” As representatives of this category the phos- 
phatides, and cholesterols, like the inorganic salts, are found present 
m some quantity in every active cell 4 This fact of itself strongly 
suggests for them some preeminent biochemical importance, but 
it by no means involves the necessity of their being furnished as 
such to the organism It is easily conceivable that the so- 
called lipoids can be synthesized de novo by the animal tissues as 
they unquestionably are by plant cells The fact that the food sup- 
ply of growing organisms, viz , milk or egg components, furnishes 
phosphatides and cholesterol preformed speaks only by indirect 
suggestion regarding the absolute need of these compounds m the 
diet Finally, the fact that m tissues, the “lipoids” are so closely 
associated with the true fats, i e , glycendes of fatty acids, by no 
means proves that the biological importance of the two groups is 
comparable or their significance as dietary constitutents the same 
The question of the rfile of fats as indispensable factors in the diet 
has been approached by Stepp 5 In attempting to ascertain 
whether animals are dependent upon their food supply for lipoids 
or can furnish them by synthesis like plants, he fed materials ex- 
tracted with ether and alcohol to mice and observed the effect on the 
nutritive equilibrium of the animals Obviously this method of 
preparing the food eliminated true fats from the diet at the same 
time Stepp's observations and conclusions deserve to becare- 
* fully examined m connection with the problem at hand He noted 
that without exception his mice succumbed in a few weeks when 
offered otherwise adequate food mixtures that had been thoroughly 
extracted The deduction is made that the nutritive failure is due 

* A discussion of earlier attempts in this direction vnll be found m our 
monograph Feeding Experiments vnlh Isolated Food-Substances, Carnegie 
Institution of Washington, Publication 156, Parts I and II, 1911 

« For a general description of the so-called lipoids, their occurrence an 
possible biochemical sigmficancc, see Bang Ergcb d Physiol , vi, p 1 h > 
Yiu.p 463. 1909 . 

‘Stepp Biochem Zcilschr , xxn, p 452, 1909, Verhandl Kongressesf in 
Med , xkviu, p 324, 1911 , Zeilschr / Biol , Ivu, p 135, 1911 
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to the lack of certain “lipoid” substances, because the addition of 
alcohol-ether extracts of materials known to be rich in this type of 
compound sufficed to keep the animals alive The lacking sub- 
stance is assumed not to be inorganic, since the addition of the ash 
of the lipoid extracts made from the food material failed to main- 
tain the mice Furthermore — and this calls for emphasis here — 
the sustaining component is asserted not to be ordinary fat inas- 
much as the addition of so typical a fat as butter failed to replace 
the missing life-sustaimng factor The latter was found to be ex- 
tractable from skimmed milk rather than from the cream fraction 
Quoting Stepp 

The life-sustaining alcohol-cther-soluble food components, m the absence 
of which mice regularly succumb, are not fats This is shown, aside from the 
experiments m which butter was fed, by the following experiment On a diet 
of extracted foods to which tnpalmitm, tristearm and triolein are added, all 
the animals die precisely as on the extracted food alone That lecithin 
(Merck) and cholesterol do not represent the sole lipoids essential to life is 
shown by the experiment of adding them to the extracted food all of the 
animals died 6 

It is rather difficult to believe that slammed milk, at best very 
deficient m ether-alcohol soluble components, should con tarn an 
eminently important lipoid m any adequate amount while other 
materials, like butter, which must contam some compounds of this 
type are inadequate However, certain of these lipoids are doubt- 
less highly sensitive to chemical change, so that it is conceivable 
that they lose their physiological potency through chemical manip- 
ulation Furthermore the recent experiences with ben-ben and 
other forms of penpheral neuritis have emphasized how small 
may be the actual amount of a specific substance which determines 
proper physiological functioning 7 

Stepp’s experiments on mice by no means solve the question 
which we have raised at the outset with regard to the necessity of 
fats m the diet They furnish no evidence that the “lipoid ’ ’mix- 
tures which he employed to maintain or resuscitate his animals 
were actually free from true fats, though the quantities m some cases 
(such as the experiments with extract of skimmed milk) must at 

* Stepp Zeilschr f Biol , Ivu, p 270, 1912 

1 Cf Funk Journ of Physiol ,xlui, p 395, 1911 
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best have been exceedingly small Other occasional experiments 
m the literature 8 are of too brief duration to settle the point 

Employing the methods which were adopted in our earlier feeding 
experiments with isolated food substances 9 we have succeeded m 
inducing a normal rate of growth m white rats with dietaries devoid 
of fat throughout almost the entire period during which growth 
ordinarily continues 10 The foods were prepared by mixing carefully 
isolated and purified proteins with starch, sugar and “protein-free 
milk ,” 11 the latter having first been thoroughly extracted with 
ether The starch was stirred with water, heated until the grains 
were ruptured and then the other ingredients thoroughly mixed 
with the starch paste, and afterwards dried m a current of hot air 
until thm cakes of desiccated food were obtained These were then 
fed, along with the W'ater, to the rats kept in the metabolism cages 
devised for these studies 12 Although the foods may certainly be 
designated as fat-free, it is perhaps not permissible to speak of them 
as lipoid-free , for according to the current definition, the so-called 
“lipoids” include substances soluble in hot alcohol which may not 
dissolve m ether None of our isolated food materials were sub- 
jected to extraction wuth hot alcohol Undoubtedly such treat- 
ment would remove other substances as well as lipoids from such 
a mixture as the “protem-free milk ” This fact deserves to be 
emphasized, as does the necessity of conducting ether extractions 
under appropriate conditions When, for example, a specimen of 
air-dry “protein-free milk” was extracted with ordinary ether it 

* Cf Lummert Pjlugcr's Archiv, Ixxi, p 176, 189S 

• Cf Osborne, T B , and L B Mendel Feeding Experiments with Isolated 

Food-Substances , Carnegie Institution of Washington, Publication 156, Parts 
I and II, 1911 

10 In these, as m all our other experiments m which very young amnia s 

exhibited a normal rate of growth on mixtures of isolated food-substances, 
we have not yet succeeded m bringing the animals to their maximum norma 
size on the diotanes employed This failure to attain complete growt. m 
volvcs some factor in nutrition other than the fat and is at present tin er 
investigation ,, , , 

11 For the character of this product cf Osborne, T B , and L B i en 
Feeding Experiments with Isolated Food-Substances, Carnegie Ins ltu ioni o 
Washington, Publication 166, Parts I and II, 1911, and Science, xxxiv, p 

u C5 Osborne, T B , and L B Mendel Zeilschr f biolog Tcchnil nnd 
Rfclhodtfc, 1912 




protein free milk was used without special extraction with ether 
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yielded over 2 per cent of extract, but the same product carefully 
dried in hydrogen and extracted with anhydrous ether yielded only 
0 13 per cent of ether extract, which was not increased when an 
alkali solution of the substance was shaken out with benzine and 
ether according to the method commonly applied to milk pow- 
ders Actual extraction of the foods used by us yielded not more 
than an insignificant trace of ether extract 



Chart 3 Rat 533, 9 , Chart 4, Rat 661, cT The food during the casem- 
fat-frce period had the following percentage composition 

Casein 22 0 

Sucroso 20 0 

Btarch 28 5 

Artificial protein free tnllku 29 5 

100 o 

Illustrative charts of our feeding trials are introduced here The 
ordinates of the curves represent body-weight (solid Ime) or food 

11 The successful use.of thiB purely artificial product consisting of Ca, 1 97, 
Mg, 0 23 , Na, 2 03, K, 2 66, P0 4 , 3 33, Cl, 4 13, SOi, 0 30, Fe, 0 04, Citnc acid, 
3 33, Lactose, 82 0 per cent, has been described by Osborne and Mendel, 
Proc Soc of Exp Biol and Med , ix, p 73, 1912 The relatively early fail- 
ure to continue to grow, shown by chart 3, was caused by diseased lungs 
which terminated the life of Rat 533 
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intake (dotted line) m grams, the abscissae represent days The 
average (normal) curve of growth, plotted from body-weight data 
available for normally growing animals of the same sex, is repre- 
sented by a broken line for comparison In period 1 of all curves 
the rats were fed on ordinary mixed diet or by the mother 



Chart 5, Rat 529, o' The fat-free diet had the following percentage com- 
position • 



Period £ 

Period 3 

Case In 

22 0 

0 0 

Edestln , 

0 0 

22 0 

Sucrose 

20 0 

20 0 

Starch 

28 5 

23 6 

Artificial protein free milk 

29 5 

29 5 


100 0 

100 0 


In so far as one can judge by appearance and body weight these 
experiments with fat-free diets show growth quite as successful as 
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that attained with natural or artificial mixtures of all the types of 
food stuffs Although we cannot claim a complete freedom from 
"lipoids” for the foods prepared as described above, it is scarcely 



Chart 6 , Rat 640, o’ The fat- 
free food had the following per- 
centage composition 


EdcstJn 

22 0 

Sucrtwo 

20 0 

Starch 

28 5 

Artificial protein frec-mllk 

29 5 


100 0 


likely that products so carefully 
isolated can include any signifi- 
cant quantities of cerebrosides or 
phosphatides This is peculiarly 
true of experiment 6 m which the 
sole possibilities of contamination 
are associated with the recrystal- 
hzed phosphorus-free protein 
edestm and refined starch 
McCollum 14 has demonstrated 
that the phosphorus needed by an 
animal for phosphatide forma- 
tion can be drawn from inorganic 
phosphates, and that phospha- 
tides can be synthesized anew m 
the animal body Rohmann 15 
asserts the possibility of lecithin 
synthesis m mice which were 
maintained into the second gen- 
eration on lecithin-free food Our 
own experiments point m the 
same direction with regard to 
the lipoids m general, and they 
give positive evidence of the dis- 
pensableness of true fats for 
growth 16 


i' McCollum Amer Journ of Physiol pcxv, p 120, 1909, McCollum an 
Hatpin This Journal, n, 1912, Proc §oc Biol Chtm , P vm, also Fmgerhng 
Bxochem Zcilschr , xxxvm, p 438, 1912 

aRohmann Btochcmic, 1908, p 109 , , n j U(f . 

» In agreement with Stepp, we have not yet succeeded smBa y ^ 
ing adequate growth m mice with similar diets Stepp, w o « Wenn nac h 

substances, is, however, cautious in b 2 S statements He say 
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The possibilities of the method of study introduced by us are 
manifest The problems of the origin of fats in animals and their 
genesis from various carbohydrates or proteins are thus made ap- 
proachable by experiment 17 We hope to return to these ques- 
tions later 


Studium der Lipoide beschaftigten, haben, me schon kurz erwahnt, an diesen 
Korpen Eigenschaften gefunden, die man in der Chemie bisher kaum 
kannte Die Lipoide haben eme ganz ausserordenthche Fahigkeit, auf die 
Loslichkeit anderer Stoffe einzumrken und lhnen Loslichkeit m den spezi- 
fischen Lipoidlosungsmitteln zu verleihen, m denen die Stoffe sonst ganzheh 
unloslich Bind So ware es mcht undenhbar, dass gemeinschaftlich mit den 
Lipoiden lrgendwelche unbekannte lebensmchtige Stoffe in Losung ge en 
und dass so die Lipoide gewissermassen zu Tragern fur diese Stoffe wurden, 
dass mit anderen Worten bei der Entfernung von Lipoiden die un e ann en 
Korper mit entfemt und bei Zusatz von Lipoiden mit diesen zugesetzt wer- 
den Ein Hinweis auf eine derartige Moglichkeit erscheint notwendig, so- 
lange es mcht gelingt, die Versuche mit chemisch reinen Korpern durchzu- 
fuhren ” 

1 Lummert (Pfluger’s Archtv, Ix\i, p 176, 1898) has made attemp s in e 
same direction 




RESEARCHES ON PURINES 


ON 2-OXY-<5,8,9-TRIMETHYLPURINE, 2-OXY-6.9-DIMETHYL- 
P URINE AND 2-OXY-8, 9-DIMETHYLPURINE 

(seventh pater )' 

Bi CARL 0 JOHNS 

(From the Sheffield Laboratory of Yale University ) 

(Receded for publication, May 21, 1912 ) 

It is rather remarkable that not one of the many possible isom" 
eridesof themonoxy-trimethyl-punneshas hitherto been described 
If compounds of this type are produced by hydrolytic or enzy- 
motic action on nucleoprotems they might easily be overlooked, 
since a purme derivative containing three methyl groups and only 
one atom of oxygen would probably be very soluble in water 
and consequently would be very difficult to isolate 2-Oxy-6,8,9- 
tnmethylpurme, which is described in this communication, is 
rather soluble m water notwithstanding the fact that two of the 
three methyl groups are attached to carbon atoms If two 
of the methyl groups were attached to nitrogen atoms in the purme 
molecule the solubility would undoubtedly be increased to a high 
degree 

When 2-oxy-4-methyl-5-amino-6-methyl-ammopynmidrae (I)* 
was heated with acetic anhydride the result was a quantitative 
yield of the corresponding monoacetyl-pyrimidine When this 
compound was heated at 22JT to 230°C water was evolved and 
2-oxy-6,8,9-tnmethylpurine (II) was produced This punne con- 
tained two molecules of water and gave a picrate that decomposed 
at 253°C 

Only one of the thirteen isomendes of 2-oxy-dimethylpurme 
has been described, namely, 2-oxy-3,7-dimethylpunne (IV) which 
was synthesized by Tafel 3 This paper contains a description of 
two new 2-oxy-dimethylpurines which were obtained as follows 

1 This Journal, xi, p 393, 1912 

! Johns This Journal, xi, p 397, 1912 

’Julius Tafel Ber d deutsch chern Gesellsch , xxxn, p 3201, 1899 

9i 
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2-Ovy-6,9-dimethylpunne (III) was prepared by the action 
of 85 per cent formic acid on 2-oxy-4-methyl-5-ammo-6~meth}]- 
aminopyrimidme (I) The yield was almost quantitative The 
picrate decomposed with effervescence at 224°C 
When 2-oxy-5-ammo-6-methylammopyrnmdme (V) 4 was heated 
with acetic anhydride at 150° to 160°C , a 90 per cent yield of 2- 
o\-y-8,9-dimethylpurme resulted This purine was easily soluble 
in cold water It formed a picrate that decomposed at 233°C 
These researches will be continued 


N=CNHCHa 

I I 

OC CNH 2 

I II 

HN— C CHj 
I 

i 

N=C CH 3 


OC C — N 



HN — C — N CHj 
III 

N=CNHCHi 


OC CNH: > 

I I! 

HN— CH 
V 


N=C CH 3 

I I 

OC C— N 

I I! CH 3 

HN— C— N CH 3 
II 


N=CH 

I I 

OC C— N CH 3 

I II ^CH 
ch 3 n— c— n 
IV 

N=CH 

I i 

OC C— N 

! I! )cca 

HN— C— N CHs 
VI 


EXPERIMENTAL PART 

Acetyl-2-oxy-4-methyl-5-amino-6-metkyl-aminopyntnidine, 

0 8 H n OjN 4 Four grams of 2-oxy-4-methyl-5-ammo-6-methyI- 
ammopynmidme 5 were mixed with 40 cc of acetic anhydride and 

* Johns This Journal , ix, p 1G5, 1911 

* Johns hoc cit 



Carl O Johns 


93 


the nuvturc v ns evaporated to dryness on a steam bath At first 
a bulky compound was formed but this gradually changed to a 
granular substance as the evaporation proceeded At no time 
did complete solution take place When the evaporation had 
become complete a little alcohol was added and the evaporation 
was repeated m order to remove the last traces of acetic anhydride 
Theresiduewasreadily soluble m cold water or hot alcohol and from 
the latter sohent it crystallized out almost completely on cooling, 
forming a bulky mass of hair-like crystals These began to shrink 
at about 250°C and turned dark slowly above that temperature 
and finally decomposed rapidly at 290° to 300°C The yield was 
almost quantitative 

Calculated for 

CiHuOiNi Found 

N 28 57 28 83 

2-Oxy-6,8,9-tnmethylpnnne 
N=C CHs 

I I 

OC C— N 
| || ^0 CH 3 

HN—C— N CH, 

Four grams of acetyl-2-oxy-4-methyl-5-ammo-6-methylamino- 
pyrimidme were pulverized and heated in an oil bath at 225 to 
230°C until water ceased to escape The resulting residue was 
dissolved in hot water and the solution was decolorized with blood 
coal On cooling this solution, colorless, hair-like crystals were 
obtained These crystals were easily soluble m hot and moder- 
ately soluble m cold water They were easily soluble in hot and 
sparingly soluble m cold alcohol and almost insoluble m boiling 
benzene They decomposed at about 275°C The yield was 
80 to 90 per cent of the calculated The crystals obtained from 
the aqueous solution formed a mat and were difficult to dry at 
room temperature and when dried for several days m a desiccator 
over sulphunc acid they still retained two molecules of water of 
crystallization 

I 1 0787 gram of substance lost 0 1877 gram at 130 C 
II 1 8153 gram of substance lost 0 3211 gram at 130°C 
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Calculated for 

CiHioONi^HjO Found 

H:i0 16 82 17 4 0 17 60 

0 2064 gram of anhydrous substance gave 0 4086 gram of CO. and 0 1045 

Found 

53 99 
5 62 
31 45 

An aqueous solution of the purine did not give precipitates with 
barium chloride or platimc chloride 

The ptcrate, CsHioON* CoHcCNC^jOH This salt crystallized 
out slowty when a solution of picric acid was added to an aqueous 
solution of 2-o\y-6,8,9-tninethylpunne The crystals were colum- 
nar m shape and were moderately soluble in hot and difficultly 
soluble m cold water They began to darken at about 240°C and 
effervesced violently at 253°C 

Calculated for 

CtHiuON* CcHj(NOj)jOH Found 

N 24 08 24 17 

£-Oxy -6, 9 -dimethyl-pur me 
N— C CHj 

( I 

OC C— -N 
I !! /CH 

HN — C — N CH 3 

Two grams of 2-oxy-4-methyl-5-ammo-6-methylammopynmi- 
dme were dissolved m 20 cc of 85 per cent formic acid and the 
solution was evaporated to dryness on a steam bath The residue 
was dissolved m dilute ammonia and the solution was decolorized 
with blood coal After boiling off most of the ammonia, the solu- 
tion was acidified with acetic acid On cooling, a bulky precip- 
itate composed of anhydrous, hair-like crystals was obtained 
These dissolved m about 400 parts of boiling water and dissolved 
but slightly in cold water or boiling alcohol They were not sol- 
uble m boiling benzene They did not melt at 320°C The yield 
V. ns almost quantitative An aqueous solution failed to give 
precipitates with banum chloride or platimc chloride 


gram of HjO 


C 

H 

N 


Calculated for 

CiHitONr. 
53 93 
5 61 
31 46 
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0 2001 gram of substance ga\ e 0 3785 gram of CO» and 0 0SG5 gram of H 2 0 


C 

H 

N 


Calculated for 
Ci 11,0 Mi 

Found 

51 22 

51 58 

4 87 

4 80 

34 14 

I 

34 08 : 


The pxcrale, CrHsON^ CdHi(NO:)jOH This salt was prepared 
by adding a cold, saturated, aqueous solution of picric acid to a 
hot, saturated solution of 2-ovy-6,9-dimethylpunne On cooling, 
the picrate deposited as long, slender prisms that decomposed with 
effervescence at 224°C 


Calculated for 

CrBtON4 CiHiiNOthOM Found 

X 24 93 24 91 

2-OxyS,9-dtmethylpurine 

N=CH 

I I 

OC C— N 

I II )CCH, 

HN — C — N CH, 

Four grams of pulverized 2-oxy-5-amino-6-methylammopyri- 
midme 6 were heated with 25 cc of acetic anhydride for one hour 
m an oil bath which was kept at 150° to 160°C The resulting 
solution was evaporated to dryness on a steam bath and the res- 
idue was heated for an hour at 130° to 140°C After dissolving m 
hot nater and clarifying, on cooling rapidly a bulky mass of slender 
prisms was obtained When the solution was cooled slowly the 
punne crystallized m beautiful, rather stout prisms These were 
very soluble m hot and moderately soluble in cold water They 
were difficultly soluble in hot alcohol and insoluble in boiling ben- 
zene They did not melt at 320°C The yield was 80 to 90 per cent 
of the calculated A cold concentrated solution did not give a 
precipitate with barium chloride but gave a difficultly soluble 
precipitate with platmic chloride The free base probably con- 
tained water of crystallization but this escaped slowly on drying 


'Johns hoc cit 
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over sulphuric acid or by exposing the crystals to the air for a long 
time, hence, attempts to determine water gave discordant results 
The specimen used for the following analyses was dried at 130° 
to 140°C 


0 1G5G gram of substance gave 0 3091 gram of C0 2 and 0 0709 gram of 
H,0 

Calculated for 
C7H1ON4 Found 4 

C 51 22 50 90 

H 4 87 4 75 


N 


1 11 

34 14 34 10 34 13 


The picrate, CjHgObh CeEhCNChhOH This compound precip 
itated immediately as a bulky mass of needles on adding a solu- 
tion of picnc acid to a cold, saturated solution of 2-oxy-8,9-di- 
methylpunne When the picrate was recrystalhzed from water 
it formed small, stout blocks These decomposed with effer 
vescence at 233°C 

Calculated for 

CilliOV. C.Ht(NOi)iOH Found 

24 93 24 70 


N 



PHYTIN AND PYROPHOSPHORIC ACID ESTERS OF 

INOSITE 


SECOND TAPEH 

Br R J ANDERSON 

( From the Chemical Laboratory of New York Agricultural Experiment Station, 

Geneva, N Y ) 

(Received for publication, May 22, 1912 ) 

In the last report 1 from this laboratory on the subject of phytm, 
various salts of phytic acid were described, as well as the tetra- 
phosphoric acid ester of mosite Since then the investigation has 
been continued m connection with another problem dealing with 
the form m which phytm exists m wheat bran, which is not yet 
finished, but as the present work is closely related to that reported 
earlier, it seems advisable to publish it at this time 

In addition to the salts of phytic acid described before, the fol- 
lowing have been prepared 

The calcium-magnesium-potassium pbytate, C 6 Hi2027P6Ca 3 Mg2 
K 2 , a white amorphous powder obtained by neutralizing a solution 
of calcium-magnesium phytate m dilute hydrochloric acid with 
potassium hydroxide 

The penta-calcium phytate, CeHuChrPeCat, is obtained as a 
white powder on precipitating an aqueous solution of phytic acid 
with calcium acetate 

The tetra-calcium phytate, QHiGCh-PsCai + I 2 H 2 O, is obtained 
as a white semicrystalhne or fine granular powder when the above 
penta-calcium phytate in dilute hydrochloric acid solution is evap- 
orated m vacuum in the presence of calcium acetate 

The penta-magnesium phytate, CcH^Oz-PeMgs + 24 H 2 O, is 
obtained as a crystalline powder when an aqueous solution of 
phytic acid and excess of magnesium acetate is evaporated in 
vacuum 

1 This Journal, m, p 471, 1912, and Technical Bulletin 19 of the N Y 
Agricultural Experiment Station 
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A copper salt, CcHi2027PeCu 6 , corresponding to a hexa-cupric 
phytate is obtained when phytic acid is precipitated with copper 
acetate 

The octa-silver phytate, CoHieChrPeAgg, is precipitated as a 
white amorphous powder by alcohol from an aqueous solution of 
phytic acid containing twelve equivalents of silver nitrate 

The hepta-silver phytate, C 6 Hi 7 02TPcAg7, results when the dilate 
nitric acid solution of the above octa-silver phytate is precipitated 
with alcohol 

Since various attempts to synthesize phytic acid or to prepare 
a hexa-phosphoric acid ester of mosite by acting on inosite with 
phosphoric acid lead only to the formation of the tetra-phosphoric 
acid ester of mosite, 5 it seemed of interest to determine what pro- 
ducts would be formed when acting on inosite with pyrophosphonc 
acid If phytin were a complex pyrophosphonc acid compound 
of mosite as suggested by Starkenstem 3 it appeared not impossible 
to synthesize it from these constituents Such a synthesis would 
be of considerable theoretical and scientific value m connection 
with the chemistry of phytm and would also furnish an addi- 
tional proof of the presence of pyrophosphonc acid compounds 
m nature 

Several futile efforts were made in this direction but it was found 
that the reactions tried lead only to pyrophosphonc acid esters of 
inosite These esters are very easily formed but their purification 
is very difficult 

When acting on dry mosite (1 molecule) with dry pyrophosphonc 
acid (3 molecules or sufficient to form phytic acid) at a temperature 
of 200°-220° C a new and stable ester is formed On analysis, 
results were obtained corresponding to a di-pyrophosphonc acid 
ester of mosite, a compound isomeric with the tetra-phosphoric 
acid ester described in a former paper 

Attempts to isolate the reaction product by the method described 
for the tetra-phosphoric ester, 4 that is, by precipitating as a barium 
salt with alcohol m the presence of hydrochloric acid, failed at first 
because barium pyrophosphate is as insoluble m acidified dilute 
alcohol as is barium phytate, for instance, or as are the pyrophos- 


1 Anderson loc cil 
» Biochem Zntschr , xx\, p 56 
1 Anderson loc cit 
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phone acid esters Various other salts were tried with negative 
results , the pj rophosphttc invariably was precipitated at the same 
tunc 

As is veil known, pyrophosphoric acid when boiled wath dilute 
mineral ncids is von easily transformed into orthophosphonc acid 
The isolation of thenew ester was made possible by taking advan- 
tage of this property 

In the last paper 5 it was reported that pliytin, when dry and free 
from mineral acids, is stable, that drying at 115°C caused no 
appreciable decomposition and that no inosite could be isolated 
from 100 grams of pliytin after drying to constant weight at this 
temperature 

Experience since then has shown that phytm may be boiled for 
hours m dilute hydrochloric or sulphuric acid without suffering 
marked decomposition In fact it may be boiled for days with 30 
per cent sulphuric acid without a determinable quantity of mosite 
being formed This seemed strange as various other investigators 
have emphasized the fact that phytm is very easily hydrolyzed and 
that even in w ater it suffers a more or less rapid decomposition 

The action of nitric acid seems to cause a more rapid decomposi- 
tion for even the purest phytm when warmed m dilute nitric acid 
solution with ammonium molybdate gives very quickly the char- 
acteristic yellow precipitate of ammonium-phosphomolybdate 
Several days, however, are required to cause complete decomposi- 
tion m dilute nitric acid solution at a temperature of 60°-70°C 
Quantitative experiments to measure the rate of decomposition 
have not been carried out, but they could be very easily as the 
change is very slow 

The following will illustrate this point 

In an analysis of two different phytm preparations the substance was 
boiled with concentrated nitric acid under occasional additions of concen- 
trated hydrochloric acid for about half an hour The organic matter was 
destrojed apparently at the end of this time as the solution was practically 
colorless The phosphorus was determined in this solution by the usual 
molybdate method After keeping at a temperature of 60°C for one hour 
the precipitate was filtered off and the filtrate again warmed on the water- 
bath for another hour A neiv portion of the yellow precipitate had then 
formed which was removed by filtration and the filtrate again warmed on 


5 Anderson loc at 
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the w ater-bath A y cllow precipitate continued to form slowly but continu- 
ously for two dajs when the experiment was discontinued During this 
time the w ater lost by evaporation w as replaced from time to time and small 
quantities of m trie acid w ere also added The phosphorus when determined 
in the first precipitate and in that which formed during the first day amounted 
to 9 92 and 10 25 per cent only, whereas when determined after first destroy- 
ing the oiganic matter by the Neumann method 14 42 and 15 23 per cent 
respcctneh were found 

In anothei ense 100 grams of calcium phytate were boiled under a reflux 
condenser with about 300 cc of 30 per cent sulphuric acid continuously 
for one dai , over night it was heated on the water-bath and the next day 
the boiling was continued all day After precipitating with excess of barium 
hydroxide, thorough washing in hot water, removal of excess of barium by 
carbon dioxide and evaporating on the water-bath, no mosite could be found 
in the slight residue which remained 

To determine if the phytin molecule suffered any partial decomposition 
on boiling with dilute acids 1 gram of phytic acid, dissolved in 100 cc of 
water acidified with 10 cc of 5 n hydrochloric acid, was boiled over a free 
flame for one hour After cooling, barium chloride w as added and the bar- 
ium phvtntc precipitated by the addition of alcohol The substance was 
twice purified by precipitating its hydrochloric acid solution with alcohol 
On nnalysis, results w ere obtained which showed that the substance was a 
pure tri-bnnum phytate, the salt which is always obtained under the above 
conditions of precipitation 

In view of this relative stability of the phytin molecule it was 
thought that the pyrophosphorie acid ester referred to above might 
be more stable than the pyrophosphorie acid m the reaction mix- 
ture Qualitative experiments showed that this was actually the 
case 

An aqueous solution of pyropliosphoncacid, acidified with hydro- 
chloric acid and a solution of the above inosite-pyrophosphonc 
acid reaction-mixture, also acidified with hydrochloric acid, were 
boiled for one hour Some barium chloride and a like volume of 
alcohol were then added The solution containing only pyrophos- 
phonc acid gave no precipitate, while before boiling, alcohol pro- 
duced at once a white precipitate of barium pyrophosphate The 
solution containing the mosite-pyrophosphoric acid reaction-mix- 
ture gave a white flocculent precipitate — the barium salt of the 
new ester 

As the excess of the pyrophosphorie acid was present as ortho- 
phosphoric acid after boiling, it did not interfere with the purifi- 
cation of the compound by the dilute acid alcohol method 
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By acting on drj mositc (1 molecule) with dry pyrophosphoric 
acid (6 molecules) at a temperature of 200°-220°C another new 
pj rophosphoric ester w as obtained After boiling, as before, with 
dilute hydrochloric acid and purifying as the barium salt this pro- 
duct was found to bo a di-mosite tn-pyrophosphonc acid ester, 
that is, its molecule is evidently made up of 2 molecules of di-py- 
rophosphoric acid esters of.inosite joined through 1 molecule of 
pyrophosphoric acid and, accordingly, it corresponds with the 
following formula 


C c H c (OH) a 0 3 = [P 3 0 3 (0H) 3 ] 2 

V»0 0H 

> 

P=o r 

/ 

G c H c (OH) 3 0 3 =[P 2 0 3 (0H) 3 ], 


-OH 


It is evident therefore that complex compounds such as phytic 
acid is supposed to be cannot be formed at elevated temperatures, 
as m the various reactions tried m these experiments only esters 
■w ere produced, and at low er temperatures apparently no reaction 
takes place These compounds are m physical and chemical prop- 
erties very similar to phytic acid They form analogous acid salts 
which m appearance and solubility seem almost indentical with 
salts of phytic acid Whether esters, such as above, are found in 
nature is at present unknown It is, however, not impossible that 
a part of the organically bound phosphorus existing m plants may 
be present in some such, or similar, forms 

The silver salts previously referred to were prepared m the hope 
that they might serve for the preparation of an ester of phytic acid 
with which molecular weight determinations might be made As 
was to be expected, however, only acid salts were obtained and, 
as such, were quite useless for the purpose in view In the reac- 
tion between phytic acid and silver nitrate, nitric acid is of course 
liberated and when any strong acid is present only acid phytates 
are obtained 

Efforts made to prepare an ester by acting on sodium phytate 
with methyl-sulphate proved useless as could be isolated 
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Further experiments along this line are contemplated and will be 
reported later 

In an article concermng the phosphorus compounds found m 
food materials which appeared m a Swedish chemical journal 
little known in this country and which is not abstracted by any of 
the larger chemical journals, a valuable contribution to the chem- 
istry of phytm was made by A Rising 4 * 6 Among other things he 
describes a silver phytate of the following composition C, 5 5, 
H, 1 08, P, 13 2 and Ag 52 65 per cent, from which results he con- 
cludes that it must represent a complex pyrophosphonc acid com- 
pound of inosite It is noteworthy that this author and E Stark- 
enstem, 7 independently and practically at the same time, expressed 
the same opinion, viz that phytm represents a complex pyrophos- 
phonc acid compound of mosite 

The silver salt descnbed by Rising corresponds to the hepta- 
silver phytate mentioned in this paper He proposes the empirical 
formula, CsHHAgcPsOz;, but his results agree equally well with a 
hepta-silver phytate, C 6 H ]7 0 27 P(Ag7 



CALCULATED 

FOUND BT RISING 

FOUND FOn HEPTA 
-SILVER PHTTATE 
IN THIS LABORA 
TORT 

c 

4 92 

5 50 


H 

1 16 

1 OS 


P 

12 72 

13 20 

13 02 

Ag 

51 64 

52 65 

52 43 


From the above there appears to be no doubt that these salts 
are mdentical 

The several salts of phytic acid reported in this paper were pre- 
pared from previously punfied and analyzed phytic acid and for 
this reason it was deemed quite superfluous to make carbon and 
hydrogen determinations on each salt 


4 Sccnsh Kemish Tidskrifl, xxu, 7, p 143, 1910 I am indebted to Mr A 

It Itose of Columbia University for this as well as for many other valuable 

references 

7 Loc at 
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EXPERIMENTAL PART 
Calcium magnesium potassium phytate 

Tv o grams of phytic acid were dissolved m about 100 cc of water, 
0 224 gram of MgO (2 molecules), and 0 84 gram CaC0 3 (3 mole- 
cules) added The MgO dissolved at once and nearly all the cal- 
cium carbonate but the salt of phytic acid was precipitated at the 
same time as a white precipitate This was dissolved by a few 
drops of hydrochloric acid, the solution filtered and the filtrate 
rendered slightly alkaline to litmus with potassium hydroxide 
After the precipitate had settled it was filtered off, washed well m 
50 per cent alcohol, alcohol and ether and dried m vacuum over 
sulphuric acid The product was a fine white amorphous powder 
It was free from chlorine On moist litmus paper it shoved a 
faintly alkaline reaction It was slightly soluble in water but 
readily soluble in dilute acids Yield, 2 9 grams 

After drying at 105° in vacuum over phosphorus pentoxide it 
vas analyzed 

For CftHijOsTPsCajMgjKj = 948 

Calculated Ca, 12 C5, Mg, 5 12, K, 8 24, P, 19 60 per cent 

Found Ca, 13 03, Mg, 4 29, K, 6 42, P, 19 07 per cent 

This shows the difficulty of obtaining pure salts of phytic acid 
when several bases are combined m the same molecule of the salt 

Penla-calcium phytate 

One gram of phytic acid was dissolved m about 50 cc of water 
and excess of calcium acetate added On the first addition of the 
calcium acetate a white precipitate is produced, but on shaking, 
this redissolves and only after a liberal excess of the acetate has 
been added is the precipitate permanent After settling, the pro- 
duct was filtered and thoroughly washed m 50 per cent alcohol, 
alcohol and ether and dried in vacuum over sulphuric acid The 
substance was a perfectly white amorphous powder On moist 
litmus paper it showed an acid reaction It is only slightly soluble 
in water, readily soluble in dilute mineral acids, less soluble m 
acetic acid 
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For analysis it was dried at 105° in vacuum over phosphorus 
pentoxide 

For CettuOnPeCac = 904 

Calculated Ca, 22 12, P, 20 57 per cent 

Found Ca, 22 46, P, 20 62 per cent 

Telra-calcium phytale 

Various attempts were made to obtain a penta-calcium phytate 
m crystalline form without success A tetra-calcium phytate was 
finally obtained by the following method 

The penta-calcium phytate was dissolved m a small quantity of 
0 5 per cent hydrochloric acid, a concentrated solution of calcium 
acetate was added until a permanent precipitate remained which 
was then dissolved by the addition of a few drops of dilute hydro- 
chloric acid On now concentrating in vacuum to somewhat less 
than half the bulk at a temperature of 40° the calcium saltseparates 
The pioduct was filtered off, washed thoroughly in 50 pel cent 
alcohol and ether and dried in the air The substance was a white 
semicrystalhne or fine granular powder of irregular form Its 
solubility was practical!}' the same as for the penta-calcium phytate 
It was free from chlorine 

On drying at 105° in vacuum over pnosphorus pentoxide the sub- 
stance lost water corresponding to 12 H 2 0 

0 2120 gram substance 0 0422 gram H O 

0 1238 gram substance gave 0 030S gram CaO and 0 0967 gram Mg:Pj0 7 

0 1857 gram substance gave 0 0456 gram CaO and 0 1448 gram MgjPsOj 
For CfiHisO jPeCai — 866 

Calculated Ca, 18 47, P, 21 47 per cent 

, f Ca, 17 78, P, 21 77 per cent 

* 0Un \ Ca, 17 55, P, 21 73 per cent 

For 12 HjO, calculated 19 96, found 19 90 per cent 

Penta-magnesium phytate 

Two and five-tenths grams phytic acid were dissolved in about 
100 cc of water and a concentrated solution of magnesium acetate 
was added This did not cause any precipitate nor could the sub- 
stance be brought to crystallization by any of the usual methods 
The solution was then concentrated to about half its bulk in vacuum 
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at a temperature of 35° to 40° As the concentration proceeded 
the substance began to separate ns a heavy powder Thiswas 
filtered ofT, veil washed m dilute alcohol, alcohol and ether and 
dried m the air The product w as a perfectly white semi-crystall- 
ine or loose granular powder of irregular form On moist litmus 
paper it show ed an acid reaction It was slightly soluble in waiter, 
readily soluble m acids 

For analysis it was dried at 105° m vacuum over phosphorus 
pentoxide It lost w r ater corresponding to 24 H 2 0 

0 1504 gram substance gn\ e 0 0510 gram H 5 0 
0 0997 gram substance gruc 0 0671 gram Mg.PjO? for Mg 
0 019S gram substance ga\ e 0 0393 gram Mg?P-0? for P 
For CeHnOjjPeMg) = 825 5 

Calculated Mg, 14 71, P, 22 53 per cent 

Found Mg, 14 69, P, 21 99 per cent 

For 24 HiO, calculated 34 30, found 33 91 per cent 

Hcxa-copper phytate 

This salt is precipitated directly from phytic acid solutions by 
copper acetate It is difficult, however, to obtain a pure compound 
as it is apt to contain either too little or too much copper, depend- 
ing upon the conditions under which the precipitate is formed 
In the purification of phytic acid it is usual to remove other bases 
w hich are present by repeatedly precipitating with barium chloride , 
the barium salt which is finally obtained is then decomposed with 
sulphuric acid It is found, however, that if only the calculated 
quantity of sulphuric acid is used the barium sulphate winch is 
formed is m such an extremely fine condition that it is impossible 
to remove it completely either by repeated filtrations or even by 
long centrifuging But if a slight excess of sulphuric acid is used 
the barium sulphate in the course of only a few hours becomes heavy 
and granular and may be easily removed by simple filtration In 
order to get rid of the excess of sulphuric acid the solution is now 
precipitated with copper acetate The copper salt can be easily 
washed free of the sulphate and acetate with w r ater as it is very 
slightly soluble in very dilute acids The pure copper salt is then 
easily decomposed with hydrogen sulphide and the free phytic 
acid obtained 
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The copper phytate obtained from such slightly acidsolutions was 
analyzed and the following results obtained 

For CftHi Oi 7 p sOus — 1083 

Calculated Cu, 35 18, P, 17 17 per cent 

Found Cu, 33 54, p, 16 88 per cent 

Pure phytic acid m water was precipitated with pure copper ace- 
tate when a compound was obtained which had the following com- 
position 

Cu, 37 57, P, 15 13 per cent 

It is seen from above that from slightly acid solutions of phytic 
acid a copper salt is precipitated which contains somewhat too 
little copper while from an aqueous phytic acid solution a salt is 
obtained which contains over 2 per cent excess of copper 

The copper phytate is, like all other phytates, exceedingly soluble 
m 10 per cent phytic acid It dissolves readily until a thick heavy 
syrup is formed, but it was found impossible to bring this solution to 
crystallization Both of the above copper salts show an acid reac- 
tion on moist litmus paper The red color is only developed slowly 
and is probably due to hydrolysis 

Oda-silver -phytate 

This salt is obtained when an aqueous solution of phytic acid, 
mixed with twelve equivalents of silver nitrate, is precipitated 
with alcohol The product is a heavy, white floeculent precipi- 
tate which settles at once It was filtered off, washed m dilute 
alcohol, alcohol and ether and dried m vacuum over sulphuric acid 
The product is only slightly affected by light but on continued 
exposure turns first j ellowish and later dark m color In the dry 
state it is a heavy white amorphous powder of acid reaction on 
moist htmus paper It is very soluble m dilute nitric acid and 
exceedingly soluble m phytic acid Many attempts were made to 
bring it to crystallization from the latter solution without success 

For analysis it was dried at 105° m vacuum over phosphorus 
pentoxide 

For C,H»0 !7 PsAg« “ 1569 

Ag, 55 00, P, 11 85 per cent 
Ag, 55 98 P 11 94 per cent 


Calculated 

Found 
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Hcpta-silvcr phytalc 

Tins silt is obtimcd when the octn-silver phytate, dissolved in 
dilute nitric acid, is precipitated with alcohol The precipitate 
after filtering, washing and drying ns before was analyzed In 
appearance and properties it was identical with the octa salt 

For CJInO jPtAgj = 1462 

Calculated Ag, 51 64, P, 12 72 per cent 

Found Ag, 52 43, P, 13 02 per cent 

Di-pyrophosphonc acid, ester of mosite 

Dry pyrophosphoric acid, 17 02 grams (little over 9 molecules), 
was heated in a flash m an oil bath to about 200° and 5 4 grams 
(3 molecules )of dry inosite added At this temperature the mosite 
dissolved at once, forming a thick reddish-brown colored solution 
After heating to 220° for a few minutes the flask was removed and 
allowed to cool The reaction mixture was dissolved m 500 cc 
of water, 20 cc of 5 n hydrochloric acid added and the whole boiled 
for about one hour At the end of this time the excess of the pyro- 
phosphoric acid has become changed to ortho-phosphoric acid and 
as such does not interfere with the precipitation of the barium 
salt of the ester with alcohol 

After cooling the above solution containing the new ester it was 
diluted to 1 liter with water, a solution of 40 grams of barium chloride 
m water was added and the barium salt of the ester was then pre- 
cipitated by adding 1 liter of alcohol The resulting precipitate 
was filtered off at once and for the purpose of removing adhering 
inorganic phosphate was precipitated twice from 0 5 per cent hydro- 
chloric acid, in the presence of a small quantity of barium chloride, 
with alcohol and then twice from the same strength hydrochloric 
acid with alcohol After finally filtering and thoroughly washing 
m 50 per cent alcohol, alcohol and ether it was dried m vacuum over 
sulphuric acid The product so obtained was a white amorphous 
powder In appearance it was very similar to the tribarium phy- 
tate and the barium salt of thetetra-phosphonc acid ester of mosite 
except that when precipitated with alcohol the particles appeared 
coarser On moist litmus paper it showed strong acid reaction 
It was readily soluble in dilute hydrochloric and nitric acids, less 
soluble m acetic acid, very slightly soluble m water and exceedingly 
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soluble m 10 per cent phytic acid It was free from chlorine 
Yield, 118 grams 

After drying at 105° in vacuum over phosphorus pentoxide the 
substance was analyzed 

0 2617 gram substance gave 0 0421 gram H 2 O and 0 1016 gram C0 5 

0 2796 gram substance gat e 0 0488 gram HjO and 0 10S0 gram C0 5 

0 2566 gram substance gave 0 1495 gram Ba SO, and 0 1443 gram MgjPsOr 
p oun( j f C, 10 58, H, I 80, P, 15 67, Ba, 34 28 per cent 

(.C, 10 53, H, I 95 per cent 

The substance was not yet pure being probably mixed with some 
mono-pyrophosphoric acid ester of mosite, at least the high carbon 
and low phosphorus points to such a conclusion 

It was hoped that the exceeding solubility of the substance in 
phytic acid might serve to separate these bodies For this purpose 
the uhole substance was dissolved m 20 cc of 10 per cent phytic 
acid On diluting with water a portion of the substance separated 
as a heavy granular powder To complete the separation 100 cc 
of water was added and then allowed to stand tu o days at room 
temperature This precipitate was discarded, as analysis after 
purifying by precipitating from 0 5 per cent hydrochloric acid with 
alcohol, showed that it was still impure and only 0 9 gram had been 
obtained The great bulk of the substance was accordingly con- 
tained in the filtrate from the above This filtrate was diluted to 
300 cc with water and then precipitated by adding 300 cc of alco- 
hol The voluminous white precipitate was filtered off, washed 
thoroughly in SO per cent alcohol and alcohol For purification it 
was dissolved m 0 5 per cent hydrochloric acid and precipitated 
by alcohol After filtering and thoroughly washing m dilute alco- 
hol until free from chlorine it was washed m alcohol and ether and 
dried in vacuum over sulphuric acid The product so obtained 
w as a pure white amorphous powder On moist litmus paper it 
showed a strong acid reaction The solubility corresponded with 
that previously observed Yield, 7 7 grams 

For analysis it was dried at 105° m vacuum over phosphorus 
pentoxide 

0 2914 gram substance gave 0 0440 gram HjO and 0 1026 gram CO: 

0 1667 gram substance gave 0 0977 gram Ba SO, and 0 0960 gram Mg:P Or 
For CeH 6 (0H),0:(P:0,HBa), = 770 7 

C, 9 34, H, 1 55, P, 16 08, Ba, 35 64 per cent 
C, 9 60, H, 1 68, P, 16 05, Ba, 34 48 per cent 


Calculatea 

Found 
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The barium was found to be n little low but this is compensated 
for through a slightly high carbon content, moreover it is some- 
times difficult to obtain amorphous salts of this kind which show 
closer agreement than the above The analysis leaves no doubt 
that the substance was the barium salt of the ester m question 
It will be noticed that the di-pyrophosphonc acid ester is isomeric 
with the tetra-phosphoric acid ester of inosite previously referred 
to Lack of time has prevented the determination of the free 
alcoholic (OH) groups in the inosite ring m either of these com- 
pounds Experiments along this line are contemplated, however 

That the reaction between the inosite and the pyrophosphonc 
acid actually occured along the lines discussed above may be judged 
bj the amount of water given off To determine this point 0 36 
grams mosite (1 molecule) and 1 06 gram pyrophosphonc acid (3 
molecules), both previously dried at 100°C , were heated m a small 
flask m an oil bath at 200°-220° under the same conditions as 
m the above experiment The water, which began to come over 
at a temperature of about 200°, w'as collected m a weighed calcium- 
chloride tube The aqueous vapors were removed by means of the 
suction pump but no special effort was made to secure quantitative 
results The water obtained weighed 0 0494 gram whereas the 
quantit 3 r calculated for 2 molecules H 2 O is 0 072 gram Tlmamount 
obtained is therefore only about 68 per cent of the theory 

Preparation of the free di-pyrophosphoric ester 

The air-dried barium salt of the ester (4 gram) was suspended 
in w r ater and decomposed with a slight excess of sulphuric acid, 
the barium sulphate was removed and the solution precipitated 
with copper acetate The copper salt was filtered off, thoroughly 
washed m water, suspended m water and decomposed with hydro- 
gen sulphide It was found impossible to remove the copper sul- 
phide completely by filtration as it formed a colloidal solution, but 
by acidifying with a few drops of hydrochloric acid and heating to 
boiling the copper sulphide was precipitated After filtering, the 
filtrate was evaporated several times m vacuum for the removal 
of the hydrochloric acid and finally dried m vacuum over sulphuric 
acid and potassium hydroxide until it was of a thick syrupy consist- 
ency The product obtained ivas of the same appearance as phytic 
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acid or the tetra-phosphoric ester, viz a thick light amber colored 
liquid After drying at 105° the substance was analyzed 

0 1709 gram substance gave 0 0552 gram H 2 0 and 0 0S92 gram C0 2 

0 1739 gram substance gave 0 1517 gram Mg 2 P 2 07 

For CeH«(0H)(0 2 [P 2 0 3 (0H)s] 2 = 500 
Calculated ' C, 14 40, H, 3 20, P, 24 80 per cent 

Found C, 14 23, H, 3 61, P, 24 31 per cent 

Properties of the free di-pyrophosphonc ester 

The concentrated aqueous solution is a thick light amber colored 
syrup On longer drying over sulphuric acid it becomes a hard and 
brittle hygroscopic mass 

The aqueous solution is of strong acid reaction and sharp acid 
taste 

With barium chloride no precipitate is produced either in the 
cold or on heating, alcohol or ammonia produces a white precipitate 
in this solution 

Calcium chloride gives no precipitate even on heating but alcohol 
causes in this solution a voluminous flocculent precipitate 

Calcium acetate produces at once a white precipitate sparingly 
soluble m acetic but readily soluble m mineral acids 

Magnesium acetate gives a white precipitate readily soluble m 
acids 

Ferric chloride gives a white or faintly yellowish precipitate very 
sparingly soluble in acids 

Barium acetate gives a white precipitate sparingly soluble in 
acetic acid but readily soluble in dilute hydrochloric or nitric acids 

Dilute silver nitrate does not cause a precipitate but concen- 
trated silver nitrate gives a white precipitate 

With ordinary molybdate solution no precipitate is produced 
but neutral molybdate gives a white precipitate which slowly 
turns yellowish in color On drying at 105° the substance turns 
very dark m color 

Inosite from ch-pyrophosphonc ester 

The free ester, 0 65 gram, was heated with 20 cc of 5 n sulphuric 
acid in a sealed tube to 150° for about three hours The inosite 
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wns isolated by theusual method and crystallized from dilute alcohol 
after addition of et her After rccry stallizmgfrom hot dilute alcohol, 
adding ether and allowing to stand several hours m the cold, the 
substance was obtained m small, colorless crystals free from water 
of crystallization Yield, 0 IS gram or 75 per cent of the theory 
The atr-dried, water-free substance melted at 221°C (uncorrected) 
and it gave the reaction of Scherer Drying at 1 10° for one hour 
caused no loss of weight On analysis the following results were 
obtained 

0 1034 gram substance gave 0 09S1 H 0 and 0 2374 gram CO* 

For C,Hi.O e = 180 

Calculated C, 40 00, H, G GG per cent 

Tound C, 39 62, H, 6 71 per cent 

Di-mosite tri-pyrophosphoric acid ester 

This ester is formed wdien dry mosite is heated with excess of 
pyrophosphoric acid The molecule of the new ester evidently 
consists of 2 molecules of di-pyrophosphoric acid esters of mosite 
joined by 1 molecule of pyrophosphoric acid 

Dry mosite, 1 8 grams (1 molecule), w r as heated with 10 7 grams 
(6 molecules) of pyrophosphoric acid under the same conditions as 
described for the di-pyrophosphoric ester and it was isolated as 
the barium salt m exactly the same way After precipitating five 
times from 0 5 per cent hydrochloric acid with alcohol the product 
was finally obtained as a perfectly white amorphous powder Its 
solubilities corresponded practically with those mentioned for 
the di-pyrophosphoric acid ester and likewise it showed a strong 
acid reaction on moist litmus paper 

For analysis it was dried at 105° m vacuum over phosphorus 
pentoxide 

0 2086 gram substance gave 0 0296 gram H 0 and 0 0614 gram CO 

0 1412 gram substance gave 0 0879 gram BaSO< and 0 0844 gram MgiPjO? 

Found C, 8 02, H, 1 58, P, 16 66, Ba, 36 63 per cent 

This substance was then again precipitated twice from 0^5 per 
cent hydrochloric acid with alcohol and after drying at 10 5 gave 
the following result on analysis 
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0 2420 gram substance gave 0 0342 gram HjO and 0 0725 gram C0 2 

0 2331 gram substance gave 0 1422 gram BaSOi and 0 1384 gram Mg s P s 0j 
For CuH^OiiPioBas = 1818 

Calculated C, 7 92, H, 1 21, P, 17 05, Ba, 37 73 per cent 

•p j I ( C, 8 02, H, 1 58, P, 1G 66, Ba, 36 66 per cent 

II \C, 8 17, H, 1 58, P, 16 55, Ba, 35 90 per cent 

As repeated precipitations did not alter the composition it was 
undoubtedly a homogeneous compound The barium was found 
to be too low, but as previously remarked it is difficult to obtain 
these amorphous salts m absolutely pure form The percentage 
of the base combined with the acid is apt to vary more or less, de- 
pending upon conditions The analysis of the free ester leaves no 
doubt but that the substance was the compound m question 

Preparation of the free di-mosile-in-pyrophosphonc acid ester 

The purified dry barium salt (1 5 grams) was suspended in water, 
decomposed with slight excess of sulphuric acid, the barium sulphate 
removed and the solution precipitated with copper acetate The 
copper salt was decomposed and the free ester obtained m exactly 
the same way as described for the di-pyrophosphoric ester 

In this case also the copper sulphide could be precipitated only 
after the solution had been acidified with hydrochloric acid For 
the removal of the hydrochloric acid the filtrate was evaporated 
several times m vacuum with water and finally dried in vacuum 
over sulphuric acid and potassium hydroxide The product, like 
the previous compound, was a thick light amber colored syrup 
For analysis it was dried at 105° C 

0 1607 gram substance gave 0 0466 gram HjO and 0 0744 gram CO 

0 1083 gram substance gave 0 1030 gram Mg PjOj 
F or C„H, 2 0 «P,o = 1142 

Calculated C, 12 GO, H, 2 80, P, 27 14 per cent 

Found C, 12 62, H, 3 24, P, 26 51 per cent 

Properties of the di-mosite tri-pyrophosphonc ester 

The properties of this ester agree mthe mam with thosementioned 
of the di-pyrophosphoric ester The concentrated solution of the 
ester forms a thick light amber colored syrup which on longer 
drying in desiccator becomes brittle and hygroscopic The aqueous 
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solution is of strong acid reaction and pleasant acid taste The 
precipitates produced with calcium, magnesium, silver and iron 
salts arc mdentical with those given by the di-pyrophosphonc 
ester 

Barium chloride produces at once a white precipitate sparingly 
soluble m acetic but readily soluble in dilutehydrochloric and nitric 
acids 

Ordinary molybdate solution produces a white precipitate which 
does not turn yellowish m color, being in this respect mdentical with 
phytic acid 

Neutral molybdate solution causes at first a voluminous white 
precipitate which redissolves almost immediately The addition 
of a few drops of the ordinary acid molybdate to this solution and 
scratching with a glass rod causes the separation of long white 
needle-shaped crystals The crystals and the precipitate caused 
by the ordinary molybdate solution are readily soluble in ammonia 

On drying at 105° the substance turns very dark m color 

Lack of material prevented the hydrolysis of this ester and the 
isolation of mosite as one of the products of decomposition had 
therefore to be omitted 




THE INFLUENCE OF SODIUM TARTRATE UPON THE 
ELIMINATION OF CERTAIN URINARY CONSTITU- 
ENTS DURING PHLORHIZIN DIABETES 

Bt FRANK P UNDERHILL 

(F rom the Sheffield Laboratory of Physiological Chemistry, Pole University, 
New Haven, Connecticut ) 

(Received tor publication, May 25, 1912 ) 

In recent communications by Baer and Blum 1 it is pointed out 
that the subcutaneous administration of a senes of organic com- 
pounds containing two carboxyl groups exercises a remarkable 
inhibitory influence upon the elimination of urinary nitrogen and 
dextrose m dogs with phlorhizm diabetes Among the substances 
possessing this property may be mentioned glutanc and tartanc 
acids and their salts 

The results obtained by these authors are so striking and of such 
fundamental importance m the interpretation of the mechanism 
of phlorhizm diabetes that a reinvestigation of the problem seemed 
desirable Accordingly experiments have been planned similar 
to those of Baer and Blum the details of which are appended 2 
The investigation has corroborated the reported results but has 
yielded an explanation for the phenomena observed which is differ- 
ent from that put forth by Baer and Blum Our work has been 
confined to the study of the action of a single compound used by 
Baer and Blum, namely, sodium tartrate, prepared by neutrali- 
zation of the racemic crystalline tartaric acid (Kahlbaum and other 
preparations') with sodium carbonate Both rabbits and dogs were 
employed as experimental animals 

I Baer and Bl um Hofmeister’s BettrSge, x, p 80, 1907, xi, p 102, 1908, 
Arch f exp Path u Pharm , lxv, p 1, 1911 

1 A notice of this investigation was communicated to the Society for Ex- 
perimental Biology and Medicine, May 15, 1912 
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After the completion of our experiments a preliminary account 
of the influence of glutanc acid on phlorhizm diabetes was reported 
by A I Ringer 3 In this communication Ringer has entirely failed 
to confirm the reported results of Baer and Blum with respect to 
glutaric acid 

Methods The general plan of experimentation was similar to 
that of Baer and Blum Phlorhizm diabetes was established for 
a preliminary period (usually three days) in the fasting animal, 
the drug being given subcutaneously once daily in sodium carbonate 
solution Water was allowed ad libitum Urme was collected m 
twenty-four-hour periods either by compression of the bladder m 
rabbits or by catheterization in the case of dogs Tartrate admin- 
istration occurred immediately afterthephlorhizm injection and the 
quantities of tartaric acid specified in the tables were subcutane- 
ously injected subsequent to neutralization with sodium carbonate 

In our preliminary trials we repeated the work of Baer and Blum 
employing rabbits instead of dogs As may be seen from tables 
1, 2, 3, and 4, sodium tartrate administered subcutaneously to 
rabbits with phlorhizm diabetes promptly causes a very decided 
diminution m the output of total nitrogen and dextrose It will 
also be observed, however, that urme secretion is greatly diminished 
and m some of the experiments, of which the appended are a few 
examples only, was completely inhibited From the data in the 
first four tables it is evident that suppression of urine is sufficient 
to account for the very great decrease m the output of the urinary con- 
stituents under consideration When the urine secretion was not 
entirely inhibited we have at times obtained water-clear twenty- 
four-hour specimens of fair volume in which no trace of nitrogen or 
dextrose could, be detected 

Experiments with dogs yielded results m accord with those 
obtained with rabbits as may be seen from the examples cited in 
tables 5 and 6 In experiment 7, dog 1, table 5, the change in 
the output of urme and of the urinary constituents under discussion 
shows a striking similarity to that observed in rabbits Experi- 
ment 8, dog 3, table 6, is inserted to show that at times one dog may 
perhaps be less susceptible to the action of tartrate than other indi- 
viduals, and that water may be eliminated by the kidney even 

i Ringer Proceedings of the Society for Experimental Biology and Medicine, 

lx, p 54, 1912 
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TABLE I 

EXPEMMEtsT 1, nABBIT A 

Male rabbit of ££00 grams rcccu cd daily subcutaneous injection of 0 £6 gram 

phlorhizin 


DATL 

1911 

chine 

REMARKS 

\olumo 

Specific 
crn\ Its 

Total 

Nltropen 

Dextrose 

November 

ee 


(fra ms 

grams 


14 

90 

1 040 

1 85 

2 72 


15 

100 

1 026 

1 60 

1 80 


16 

100 

1 030 

1 99 

1 43 


17 

30 

— 

0 13 

0 00 

Subcutaneous injection 






of 3 0 grains tartaric 






acid, neutralized with 






Na C0 3 , m 40 cc 






water 

18 

8 



0 00 

0 00 

Animal lies in deep 






coma Does not re- 






spond to stimulation 

19 

0 




Heart beat and respi- 






ration very slow 

20 

0 




Animal found dead 






Bladder empty No 






urine secreted for 24 






hours 


when the latter is no longer in a condition to normally secrete the 
organic constituents of the urine With rabbits exactly analogous 
conditions may obtain In other words, a dose of sodium tartrate 
which in the majority of rabbits or dogs causes suppression of urine 
may exert only a slight influence in this direction m a small number 
of individuals An inspection of the data presented by Baer and 
Blum points to the same conclusion, and it is possible that the nega- 
tive results reported by Ringer may be due to the same fact T. his 
seems hardly likely, however, and as a possible explanation o 
Binger’s failure to corroborate the findings of Baer and Blum we 
would call attention to the fact that Ringer administered hisglutanc 
acid solutions in three equal doses during the course of the day and 
m this way failed, perhaps, to overwhelm the capacityof the animal 
to transform the compound into a harmless derivative 
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TABLE 2 

EXPERIMENT 2, RABBIT B 

Female rabbit of S3 00 grams received daily subcutaneous injection of 0 25 

gram phlorhizin 




URINE 









mi 

Volume 

Specific 

gravity 

Total 

nitrogen 

Dextrose 

REMARKS 

November 

u 


prama 

grams 


14 

115 

1 030 

1 66 

3 58 


15 

75 

1 036 

1 58 

1 39 


16 

I 100 

1 030 

1 82 

1 28 | 


17 

| 55 

— 

0 06 

0 17 

Subcutaneous injection 

1 

i 


i 

| 


of 3 0 grams tartaric 
| acid, neutralized with 
NajCOj, in 40 cc 
water 

18 

10 

— 

0 05 

0 00 


19 

0 




Animal lies in cage, can- 


1 

i 

| 



: 

not stand Has no 
muscular control 
Heart beat and respi- 
ration are gTeatly ac- 
celerated 

20 

0 




Found dead No urme 






secreted for twenty- 
four hours 


From the data m tables 1, 2, 3, and 4, it is evident that sodium 
tartrate producesits unique influence upon the elimination of urinary 
nitrogen and dextrose in phlorhizunzed animals by causing a partial 
or complete suppression of urine In order to determine further 
the correctness of this conclusion, sections of the kidneys were 
preserved and sent to Prof S Gideon Wells of the University of 
Chicago to whom I am greatly indebted for the examination of the 
tissues In his report Professor Wells says m part, “The greater 
part of the epithelium of the convoluted tubules is entirely necrotic, 
and most of the tubules, almost all, m fact, are occluded by laTge 
hyaline and granular casts, frequently containing more or less 
hemoglobin It is easy to understand that such a kidney could 
not secrete It is quite as severe a change as I have ever seen m 
experimental nephritis There is very little difference between any 
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TABLE 3 

EXPERIMENT 3, RABBIT C 


Female rabbit of SSOO grams received daily subcutaneous injection of O.SS 
gram phlorhmn 




■CJUKT 



1 m 

Volume 

Specific 

gravity 

To Ud 
nitrogen 

Dextrose 

ItEVJAHXfl 

November 

cc 


i rramt 

gra m* 


21 

85 

1 020 

0 95 

1 88 

Drank 80 cc water 

22 

75 

1 030 

1 30 

1 16 

Drank 45 cc water 

23 

75 

1 030 

1 18 ; 

0 87 

Drank 50 cc water 

24 j 

■ 

30 

1 012 

0 00 ; 

0 00 

Subcutaneous injection 
of 1 75 grams tartaric 
acid, neutralized with 
NajCOj, in 30 cc 
water Drank 140 cc 
water 

25 

j 

40 

1 015 

0 07 

! 

1 

1 

0 00 

Would not drink Par- 
tial prolapse of uterus 
Animal killed On 
autopsy all organs 
appeared normal ex- 
cept the kidneys 
which seemed very 
pale and soft 


of the specimens, and that only m degree The glomerules show 
almost no change beyond an occasional small hemorrhage 
Concerning the histology of the dog kidneys Professor Wells 
reported that vacuolization was much more prominent than 
necrosis 

The histological picture therefore coincides with the other data 
In their investigation Baer and Blum apparently made no histolo- 
gical study of the kidneys, hence their failure to fully recognize 
the cause of the di mini shed excretion of the urinary constituents 
It is only fair, however, to add that the suspicion of a kidney 
factor must have entered into their ideas since they have recorded 
some experiments with this point m mind 4 But they tested the 
secretory power of the kidney by means of inorganic salts only and 

4 Baer and Blum Arch f exp Path u Pharm , lxv, p 1, 1911 
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tabu: 4 

EXPERIMENT 4, RABBIT D 


Female rabbit of 2200 grams received daily subcutaneous injection of 0 25 
gram phlorhizin 




TJIUNT3 



1 1911 

Volume | 

Specific 

gravity 

Total 

nitrogen 

Doxtroeo 

RESIAHKB 

November 

« 


grams ! 

grams 


21 

125 J 

1 024 

1 12 

2 75 

Drank 70 cc water 

22 

60 

1 036 

1 17 

1 28 

Drank 25 cc water 

23 

50 

1 040 

0 92 

1 19 

Drank 45 cc water 

24 

18 


0 05 

i 

1 

0 00 

Subcutaneous injection 
of 2 0 gram tartaric 
acid, neutralized with 
NaiCOj, in 40 cc 
water Animal drank 
125 cc water 

25 

1 

1 

2 drops 

1 


! 

1 

I 

! o oo 

i 

Urine clots in jelly-like 
masB Would not 

drink 

26 

27 

3 

0 

t 

1 

1 

1 

i 

i 

j 

1 

0 00 

Would not drink 

At 5 p m animal was 
seized with convul- 
sions and died in few 
moments At autop- 
sy all organs appeared 
normal except the kid- 
neys which were pale 
and soft 


report no change in the elimination of these compounds and there- 
fore conclude that kidney secretory factors are not primarily account- 
able for their results However, it does not necessarily follow 
that in a given form of nephritis inorganic salts alone may not 
be eliminated, nor is it fair to assume that, because one substance 
may be excreted, a second compound of an entirely different chemi- 
cal nature will behave m the same manner If these results of 
Baer and Blum with inorganic salts are accepted our results indicate 
the correctness of our contention It is not our intention, however, 
at this time to enter more deeply into the conditions attendant 
upon tartrate nephritis but rather to indicate that a nephritic 
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TABLE 5 

EXPERIMENT 7, DOO 1 


Full-grown bitch of 9 kilos received daily subcutaneous injection of 1 6 grains 

phlorhizin 


DATE 

1912 


urine 



Volume 

Specific 

gravity 

Total 

nitrogen 

DcxtroM 

REMARKS 

Februarj 

6 

cc 

220 

1 070 

! 

gram s 

\ 6 42 

grams 

32 82 j 

D N ratio <= 5 11 

7 

415 

1 074 

| 

11 70 

43 33 

Animal drank 120 cc 
water 

D N ratio = 3 70 

8 

000 

1 053 

J 

I 

11 98 

40 06 

Animal drank 250 cc 
water 

D N ratio = 3 34 

9 

125 

1 OOS 

1 

0 16 j 

• 

i 000 , 

Animal drank 70 cc 
water 

8 0 grams tartar ic acid, 

10 

• 10 


' 

0 075 

i 

0 25 

neutralized with Na 2 - 
COj, were subcutane- 
ously injected, dis- 
solved m 50 cc water 
Animal has lost control 


1 

i 

1 

1 

i 

of muscles and lies 
in cage Vomits any 
water given At the 
close of this day it 
was apparent that 
dog would not survive 
the night Animal 
was killed by chloro- 
form All organs ap- 
peared normal 


condition must be taken into consideration in the discussion of the 
results reported by Baer and Blum Some of the factors of tartrate 
nephritis will be detailed m a subsequent communication shortly to 
appear, the work of which has already been completed 
The present problem has also been attacked from another stand- 
point It is quite conceivable that phlorhizin, actmg, presumably, 
specifically upon the kidney structure, may render the latter unus- 
ually sensitive to tartrate action and therefore that the combma- 
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TABLE 6 

EXPERIMENT 8, DOG 3 


Full-grown bitch of It 0 kilos received daily subcutaneous injection of 1 6 
grams phlorhizin 


DATE 

1012 


TjniNE 



Volume 

Specific 

gravity 

Total 

Nitrogen 

Dextroso 

RE MAH KB 

March 

cc 


grams 

grams 


5 

240 

1 070+ 

4 44 

31 05 

D N ratio = 6 90 
Animal drank 370 cc 
water 

6 

240 

1 070 + 

8 11 

29 44 

D N ratio = 3 63 
Animal drank 250 cc 
water 

7 

307 

1 060 

8 79 

29 75 

D N ratio =3 30 
Animal drank 290 cc 
water 

8 

442 

: 

1 035 

: 

. 

3 05 

l 

12 88 

Subcutaneous injection 
of 30 0 grains tartanc 
acid, dissolved in 50 
cc fluid and neu 
trahzed with NajC0> 

0 

' 335 

1 

1 050 

1 

7 68 

15 12 

After injection ani- 
mal vomited repeat- 
edly Could not drink 
because of vomiting 

10 

209 

1 045 

1 27 

4 06 


11 

; 240 1 

1 

i : 

i 1 

1 016 

1 

j 

1 OS 

1 02 

Animal developed ab- 
cess at site of injec- 
tion In a rv eak con- 
dition Vomits con- 
tinually Killed with 
chloroform At au- 
topsy all organs ap 
peared normal 


toon of the two drugs may bring about changes m the kidney that 
neither alone could accomplish If, however, sodium tartrate as 
a specific action upon kidney secretion this should be mamfes e 
by exclusion of the phlorhizm effect, all other conditions remaining 
unchanged We have endeavored to compass this result and m 
order to measure the extent of kidney secretion (m the absence o 
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TABLE 7 

Evrtimif nt 6, rabbit e (Control) 

Male rabbit of 2200 grams No phlorhizin was given throughout experiment 





urine 











1911 

Volume 

j Specific 
gra\lt> 

Total 

nitrogen 

Creat- 

inine 

Creatine 

REMARK}* 

November 

cc 


Orams 

mtlli- 

grama 

m*I/» 
Oram a 


22 

105 

1 012 

0 85 

84 

9 

Animal drank 150 cc 







water 

23 

65 

1 022 

0 81 

87 

34 

Animal drank no water 

24 

70 

1 020 

1 22 

78 

63 

Animal drank 25 cc 







water 

25 

30 

1 015 

0 12 

Trace, j 

Trace, 

Subcutaneous injection 





too 

too 

of 3 0 grams tartaric 





small 

small 

acid, neutralized with 





to es- 

to es- 

Na COj, in 40 cc 





timate 

| 

timate 

water Animal drank 
30 cc water No symp- 
toms followed injec- 
tion 

26 

less 

— 

— 

— 

. 

Animal drank 110 cc 


than 





water 


1 cc 


1 




27 

0 

— 

— 

1 — 



Animal drank 60 cc 




t 

1 

1 

1 


water Animal ap- 
pears normal except 
that head is rotated to 
to the right During 
morning had one con- 
vulsion Recovered 

28 




, 


Found dead At autop- 







sy peritoneal cavity 
contained 30 cc of 
clear fluid that readily 


! 

; 

! 




clotted The kidneys 
presented an injected 
appearance All other 
organs seemed normal 
Bladder contained no 


1 





urine 
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TABLE 8 

experiment 6, habbit f (Control) 


Female rabbit of ££00 grams No ■phlorhizm was given throughout experiment 





URINE 











1011 

Volume 

Specific 
' gravity 

Total 

nitrogen 

Creat- 

inine 

Creatine 

remarks 

p 

November 

cc 

{ 

1 

pram* 

mittt- 

Qramt 

rmHt 

pram* 


22 

115 

1 1 011 

0 74 

90 

21 

.Animal drank 90 cc 



1 




water 

23 

70 

j 1 020 

0 97 

111 

39 

Animal drank no water 

24 

CO 

, 1 025 

0 90 

84 

48 

Animal drank 50 cc 



| 




water 

25 

32 

! 1 015 

0 15 

Trace, 

Trace, 

Subcutaneous injection 



1 


but 

but 

of 3 0 grams tartan c 





too 

too 

acid, neutralized with 



1 


small 

small 

NajCO,,m40cc water 

: 


! 

j 


to es- 

to es- 

1 No symptoms followed 





tun ate 

timate 

! injection Animal 
drank 60 cc water 


less 

— 

— i 

— 

— 

Animal drank 25 cc 

26 

than 


1 



water Peculiar posi- 


5 cc 





tion of bead similar to 
that of Rabbit JE 

27 

0 

— 

— 


— 

Animal in light coma 


1 

1 

I 



i 

1 

j 

Killed with chloro- 
form Kidneys were 
very pale and soft 
All other organs wese 
apparently normal 
Bladder was empty 


glycosuria), have noted the excretion of urine and total nitrogen as 
visual and, m addition, the elimination of creatinine and creatine, 
the latter compound being constantly present m the urine of our 
fasting animals In the data presented m tables 7 and 8 the water 
intake was observed in order to discover whether diminished volume 
o! urine could be accounted for by lack of water consumption 
It wall be seen that there is no stnet correlation between the intake 
and the output of water m the tables mentioned, a fact which also 
applies to the data contained m all the other tables From the 
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experiments with fasting rabbits, given subcutaneous injections 
of tartrate only, it is evident that the result presented is one induced 
specifically by tt\e tartrate and apparently bears little or no relation 
to the application of phlorhizm 

The histological examination revealed no recognizable differ- 
ences m the kidney changes of specimens taken from animals 
receiving both phlorhizm and tartrate and from those to whom only 
tartrate had been administered In his partial report above, Pro- 
fessor Wells says, “There is very little difference between any of 
the specimens, and that only in degree ” The kidneys taken from 
animals represented in tables 7 and 8 were sent to Professor Wells 
mixed in the lot excised from animals having had an injection of 
both phlorhizm and tartrate From these observations it is appar- 
ent that sodium tartrate alone is capable of inducing a particularly 
severe form of nephntis when subcutaneously introduced into rab- 
bits and dogs 

Our conception of the mechanism responsible for the diminution 
m urinary constituents as reported by Baer and Blum also furnishes 
a reasonable explanation for the toxicity of tartaric acid observed 
by these investigators In their last paper 6 upon the subject tar- 
taric acid action is discussed as follows, "Weiterhm besass die 
Saure erne erhebhche Giftigkeit Ohne bemerkenswerte Symtome 
starb die Mehrzahl unserer Hunde kurz nach Beendigung, emzelne 
Tiere sogar vor Beendigung des Versuehs Immerhm glauben wir 
diese giftige Wirkung als etwas Akzidentelles auffassen zu durfen, 
mcht als die Ursache des Emflusses auf Zucker-, Stickstoff- und 
Acidosekorperausscheidung ” 


SUMMARY 

The observation of Baer and Blum that sodium tartrate subcu- 
taneously injected maygreatly dimmish the outputof nitrogen and 
dextrose in the urine of phlorhizinized dogs has been substantiated 
by the results of our investigation on the subject, but we differ 
from these authors in the interpretation of the phenomena provoked 
Our experience shows that sodium tartrate subcutaneously admin- 
istered to phlorhizinized rabbits and dogs induces distmlegrative changes 


s Baer and Blum Arch f exp Path u Pharrn , lxv, p 16,1911 
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in the kidney tubuh sufficient to account for the lessened elimination 
of urinary nitrogen and dextrose, observed by Baer and Blum 
Under stnctly comparable experimental conditions similar results 
may be obtained m animals that have not received phlorhizm, thus 
demonstrating that sodium tartrate acts specifically m this direc- 
tion and that phlorhizm probably contributes little or nothing to 
the detrimental influence under discussion 



PICROLONATES OF THE MONOAMINO-ACIDS 

BiP A LBVENE and DONALD D VAN SLYKE 

( From the Laboratories of the Rockefeller Institute for Medical Research, 

New York ) 

(Received for publication, May 29, 1912 ) 


N0 2 -C 6 Hi-N 

Picroloruc acid N COH was first introduced by 

11 i! 

CHj-C CN0 2 

Knorr 1 as a precipitant for organic bases Steudel 2 applied it 
to the hexone bases obtained by hydrolysis of proteins Later 
Mayeda 3 described also the picrolonates of the aromatic amino- 
acids, tryptophane and phenylalanine The latter was partic- 
ularly distinguished by its slight solubility m water In the 
course of a hydrolysis we found this picrolonate of so much 
assistance in the isolation of phenylalanine that we attempted 
to make the picrolonates of some of the other monoammo-acids, 
with the idea that they also might prove useful m the separa- 
tions that are necessary in carrying out protein hydrolyses We 
found that all the natural monoammo-acids, with the exception 
of the pyrrolhdine acids, proline, and oxyprolme, gave beau- 
tiful crystalline, definite salts with picrolomc acid, most of them 
being fairly insoluble in cold water When this work had been 
completed and the report sent in to the Secretary of the Society 
for Experimental Biology and Medicine for the meeting of May 
15, an article by Abderhalden and Weil 4 appeared describing 
picrolonates of alanine, glycocoll, and inactive leucine This 

1 Ber d deutsch chem Gesellsch , xxx, p 909, 1897 

1 Zeitschr f physiol Chem , xxxvn, p 219 

5 Ibid , li, p 261 

* Ibid , lxxvm, p ISO 
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paper antedates our report m demonstrating that the ordinary 
monoamino-acids form crystalline picrolonates As, however, 
our technique was somewhat different from that of Abderhalden 
and Wed, yielded products of constant molecular composition, 
and our work included the preparation and study of a larger senes 
of picrolonates, we decided to publish it m the present paper 
Abderhalden and Wed added an alcoholic solution of pie- 
roloruc acid to the concentrated water solution of the ammo- 
acids Crystalline products were obtained, but, m the case of 
glycocoll and alanine, when an excess of the ammo-acid was pres- 
ent the product contained more than 1 molecule of ammo-acid 
We never met this difficulty Our procedure is as follows The 
amino-acid and pierolonic acid m molecular proportions, or with 
ammo-acid m excess, are dissolved m a minimum amount of 
boding water On cooling, and usually while the solution is still 
warm, the picrolonate crystallizes The product obtained was 
of normal composition, containing one molecule each of ammo- 
acid and pierolonic acid, m every case except those of d-alanme, 
dl-senne, and d-glutammic acid These salts showed a tendency 
to cariy down an excess of pierolonic acid The latter, however, 
was readily removed by shaking out the pulverized salt with 
ether The salts all show definite crystalline form, which m some 
cases is quite characteristic Isoleucme, for example, crystal- 
lizes m long slender prisms, while f-leucme forms rhomboids 
If one makes a picrolonate of the so-called natural leucine from 
proteins, which is a mixture of the two, the two types of crystals 
can be seen together under the microscope Most of the pic- 
rolonates decompose when they melt, and many of them have 
decomposing points too indefinite to be of value for character- 
izing them Others, however, melt or decompose quite sharply 
For separating mixtures of ammo-acids by means of their 
picrolonates two methods are possible One can either transform 
all the ammo-acids into picrolonates, and recrystalhze them, 
or one can add to the mixture of ammo-acids only enough pic- 
rolonic acid to combine with that forming the most insoluble 
picrolonate We have not tried out either method exhaustively 
but v. c have found that the latter gives good results in separating 
phenylalanine from glutammic and aspartic acids 
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For determining the molecular proportions m which amino- 
acid and picrolonic acid ire present in a given salt the most direct 
method is determination of the proportion of ammo nitrogen 
present The determination is conveniently carried out as fol- 
low s 0 1 — 02 gram of picrolonate is dissolved in boiling water 
to which 1 cc of 10 per cent hydrochloric acid is added The 
solution is cooled, and the picrolonic acid which crystallizes out 
is filtered off, the filtrate being received into an evaporating dish 
The crystals are w r ashed a few times, and the filtrate concentrated 
on the water bath, and used for determination of ammo nitrogen 
by the nitrous acid method of Van Slyke 6 The removal of pic- 
rolonic acid is necessary, because, even when the solubility of 
the picrolonate permits using it directly for the determination, 
the picrolonic acid set free m the nitrous acid mixture makes a 
gelatinous mass which renders the determination difficult 

The free amino-acids can be readily and quantitatively re- 
gained from the picrolonates by boiling the latter m water con- 
taining an excess of ” sulphuric acid, filtering off the picro- 
lonic acid w Inch crystallizes from the cooled solution, and extract- 
ing with ether the small amount of picrolonic acid remaining 
m solution The solution is heated on the water bath, and the 
sulphuric acid precipitated wuth an equivalent of titrated bar- 
ium hydrate solution On evaporating the filtrate from the bar- 
ium sulphate the free ammo-acid is left m pure condition as a 
residue 

In the following table is given a list of the picrolonates which 
we have prepared, with some of the more important constants 
of each The picrolonates are arranged in inverse order of their 
solubility 


5 This Journal ix, p 185, 1911 
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EXPERIMENTAL 

dl-Alamne One gram of alanme and 2 6 grams of picrolomc 
acid (0 9 molecule) w ere dissolved m 20 cc of boiling water The 
salt crystallized w lnle the solution was still hot The yield was 
3 2 grams The crystals were long slender prisms They melt 
at 216° with decomposition 

Anuasis 0 200 gram substance, 13 40 cc nitrogen at 22°, 760 mm 

Calculated Found 

NHj-N 3 96 3 78 

d- Alanine 0 445 gram of d-alanme and 1 32 grams (1 molecule) 
of picrolomc acid were dissolved m 15 cc of water The sub- 
stance crystallized while the solution was still warm, forming 
long slender prisms Yield, 1 3 grams Analysis showed only 
3 10 per cent of ammo nitrogen instead of the theoretical 3 96 
The substance was pulverized and shaken up with ether It now 
gave the following figures 

Anali sis 0 200 gram substance 13 70 cc N at 20°, 760 mm 

Calculated Found 

NH r N 3 96 3 90 

The substance melts at 214° with decomposition 

Rotation in Alcoholic Solution Substance, 0 0496 gram , solution, 
0 6141 gram, concentration, 8 07 per cent, specific gravity, 0 82, rotation 
m 0 5 dm tube = + 0 41° 

[a]” = -f 12 4° ± 0 3° 

Abderhalden and Weil give 215° as the melting point, + 11 1° 
as the specific rotation 

dl-Asparhc acid 0 67 gram of aspartic acid and 1 32 grams 
of picrolomc acid (1 molecule) were dissolved m 50 cc of boiling 
water The solution was cooled m the ice box and allowed to 
stand over night for the crystallization to become complete The 
crystals were long slender prisms with square ends 
The substance blackens at 130° 

Anali sis 0 100 gram substance, 6 10 cc N at 20°, 764 mm 

Calculated Found 

NH 2 -N 3 53 3 49 


THE JOUBNAI OF BIOLOGICAL CHEMISTRY \OL XII NO 1 



132 


Picrolonates of the Monoammo-Acids 


dl-Glutammic acid. 0 736 gram of glutammic acid + 1 32 grams 
of picrolomc acid (1 molecule) were dissolved m 10 cc of water 
Crystallization began only after the solution had been cooled to 
room temperature and scratched The first crystals came m 
tangled threads,' the later ones formed m very fine short spindles 
or needles Yield, 1 7 grams The substance softens at 183° 
and decomposes at 184° These points are sharply defined 

Analysis 0 200 gram substance, 11 8 cc nitrogen at 20°, 762 mm 

Calculated Pound 

NH 2 -N 3 40 3 36 

d-Glutammic acid 0 74 gram of pure d-glutamimc acid and 

1 32 grams of picrolomc acid (1 molecule) were dissolved m about 
10 cc of water On cooling 0 7 gram of crystals separated On 
analysis, however, they were found to contain about two mole- 
cules of picrolomc acid They were shaken out with ether, and 
then gave more nearly correct Ggures on analysis (3 25 per cent 
NH : -N) The filtrate from this first crop was cooled to 0°, and 
a second crop separated, which proved to be fairly pure without 
ether treatment The substance, like the inactive salt, softens 
at 183° and melts at 184° The rotation was taken an water 
solution 

Analysis 0 100 gram substance, 6 3 cc N at 766 mm , 21° 

Calculated Found 

NHr-N 3 40 3 59 

Rotation 0 0562 gram substance, solution, 2 683 grams, concentration, 

2 lO per cent, specific gravity 1 01, rotation in 0 5 dm tube = + 0 09° 

[a]” = +8 5°=fc=l 0 

Glycocoll 0 375 gram glycocoll and 132 grams picrolomc 
acid (1 molecule) were dissolved in 15 cc of boihng water The 
salt began to crystallize m rhomboid prisms of very characteristic 
appearance while the solution was still warm It was allowed 
to stand over night and then yielded 1 56 grams of the salt It 
melts sharply at 214 to 215° with decomposition 

Analysis 0 200 gram substance, 15 8 cc N at 20 , 762 mm 

Calculated Pound 

4 12 4 19 


NHrN 
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Abderhalden found that m alcoholic solution 111 the presence 
of an e\cess of glycocoli a picrolonate was obtained containing 
two molecules of gtycocoll to one of picrolomc acid We repeated 
the experiment, using two molecules of glycocoli, but an aqueous 
solution The product was a normal salt identical with the above 
0 75 gram of glycocoli and 1 32 gram of picrolomc acid nere dis- 
solved m 15 cc of boiling water and cooled Crystallization be- 
gan while the solution was still warm, yielding the above described 
characteristic rhomboids Yield, 1 54 grams Melting point, 
214-215° 

Anautsis 0 200 gram substance, 15 3 cc N at 22°, 750 mm 

Calculated Found 

NH r N 4 12 4 13 

In calculating the nitrogen for both the above analyses the 
results are multiplied by the factor 0 93 in order to correct for 
the abnormal behavior of glycocoli with nitrous acid, which has 
been described m a previous paper by one of us 6 

d-Isoleucme 0 35 gram isoleucine, of -f- 37 4° specific rotation 
m 20 per cent hydrochloric acid, and 0 66 gram of picrolomc acid 
(0 9 molecule) were dissolved in 15 cc of boiling water While 
the solution was still warm the salt began to separate as drops 
which changed quickly to crystals The latter were long, slender, 
six-sided and grouped in stars The substance has a rather in- 
definite melting point at 170°, without decomposition 

Analysis 0 100 gram substance, 6 40 cc N at 23°, 760 mm 

Calculated Found 

NH -N 3 54 3 59 

Rotation 0 0672 gram substance, solution m alcohol, 1 039 gram, 
concentration, 6 47 per cent, specific gravity, 0 82, rotation m 0 5 dm 
tube = + 0 87° 

[a]^ = + 32 8° ± 0 3° 

l-Leucine 0 66 gram of Z-leucine, of + 15 2° specific rotation 
m 20 per cent hydrochloric acid, was dissolved with 1 32 grams 
(1 molecule) of picrolomc acid m 15 cc of boiling water While 
the solution was still hot the salt began to settle out as an oil, 

8 Van Slyke This Journal, i\, p 185, 1911 
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which crystallized at once when stirred with a rod Yield, 1 7 
grams The substance begins to soften at about 145° and melts 
completely at 150° with evolution of a few small gas bubbles 

Analysis 0 200 gram substance, 12 4 cc N at 22°, 750 mm 

Calculated Found 

NH -N 3 54 3 45 

Rotation 0 0462 gram substance, solution in alcohol, 0 6390 gram, 
concentration, 7 23 per cent, specific gravitj, 0 813, rotation in 0 5 dm 
tube = + 0 5S° 

[<*]“ = + 19 6° ± 0 3° 

The salt forms beautiful rhomboid crystals, markedly different 
from the long slender ones of isoleucme picrolonate 

“Natural” Leucine The leucine used was analytically pure, 
but of -f 23° specific rotation in 20 per cent hydrochloric acid, 
and was a typical sample of the mixture of leueme and isoleucme 
usually obtained from hydrolyzed proteins 0 6 gram of this 
leueme and 1 32 grams picrolomc acid were dissolved in 20 cc 
of boiling water While the solution yas still warm the salt began 
to separate out m oil drops which quickly became crystalline 
when stirred Under the microscope the long slender crystals 
of isoleucme picrolonate were seen mingled with the rhomboid 
ones of Heucine picrolonate The substance melts at about 
170° without marked decomposition 


Analysis 0 2208 gram substance, 14 9 cc N at 19°, 758 mm 
0 1275 gram substance, 0 2280 gram CO;, 0 0623 gram H O 



Calculi! ted 

Found 

c 

48 58 

48 70 

H 

5 29 

5 35 

NHjN 

3 55 

3 55 


dl-Leucine 1 4 grams of leueme and 2 64 grams of picrolomc 
acid were dissolved in 30 cc of boiling water The salt separated 
as an oil while the solution was still warm, but crystallized quickly 
m six-sided pnsms The last crystals separating formed rosettes 
with spurs a centimeter long The melting point is very indefi- 
nite, and dependent upon the manner in rvhich the substance 
is heated When plunged at once into a bath at 150° or higher 
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it decomposes instantly, but when heated from 130° upwards 
it slowly sinters and may not be decomposed until it reaches 188° 

ANALlsrs 0 200 gram substance, 12 20 cc N at 20°, 760 mm 

Calculated Found 

NHj-N 3 54 3 47 

l-Phcnylalamnc Picrolonate One gram of phenylalanine, of 
rotation — 26 7° in water solution, was dissolved with 1 6 grams 
of picrolonic acid in boiling water The salt crystallized while 
the water was still hot Under the microscope two types of crys- 
tals could be seen, long slender rods clustered in stars, and short 
rectangular prisms separate or m small aggregates When the 
substance was filtered it was seen to consist of an apparent mixture 
of yellow and orange crystals The non-homogeneous appear- 
ance, however, was merely due to the presence of two types of 
crystals The substance melted at 208° with decomposition, 
gave theoretical results for carbon and hydrogen on combustion, 
and the following figures for ammo nitrogen 

Analisis 0 2148 gram substance, 12 3 cc N at 20°, 762 mm 

Calculated Found 

NH,-N 3 26 3 27 

Rotation 0 0690 gram substance, solution in alcohol, 1 0S0 gram, 
concentration, 6 44 per cent, specific gravitj, 0 818, rotation in 0 5 dm 
tube = -f 0 60° 

[a]’ D ° = + 22 8° =±= 0 3° 

In order to ascertain whether the picrolonate contained a pro- 
portion of the optically active phenylalanine different from that 
of the partially racemicized substance from which it was made, 
a portion of the picrolonate was freed from picrolonic acid and 
the pure phenylalanine regained as described m the introduction 
It showed a specific rotation of -26 7°, and was therefore identi- 
cal with that used at the beginning The rotation of optically 
pure Z-phenylalanme being -35 3° this sample was evidentty 25 
per cent racemic and 75 per cent active Dividing the rotation 
of the picrolonate by 0 75 gives 30 1° as the specific rotation of 
the picrolonate of pure active Z-phenylalanme 



136 Picrolonates of the Monoarmno-Acids 


dl-Phenylalanine 0 83 gram of phenylalanine and 1 32 grams 
(1 molecule) of picrolomc acid were boiled with 40 cc of water 
The salt was so insoluble that complete solution could not be ob- 
tained, even m this volume of water The product was, however, 
pure The yield was practically quantitative, 2 04 grams The 
substance decomposes quite sharply at 211 to 212° Examined 
under the microscope it is seen to consist of only the short rect- 
angular type of prisms 

Analisis 0 1000 gram substance, 5 SO cc N at 20°, 7G4 mm 

Calculated Found 

NHj-N 3 26 3 32 

dl-Senne 0 26 gram of senne and 0 66 gram of picrolomc 
acid were dissolved in 5 to 10 cc of water The salt crystallized 
m long slender rods while the solution was still warm It con- 
tained, however, an excess of picrolomc acid, as was shown by 
its low content (2 56 per cent) of ammo nitrogen A second pre- 
paration showed identical composition, 2 59 per cent ammo nitro- 
gen The melting point was indefinite at 130 to 140° After 
the substance had been shaken out thoroughly With ether, it 
could be heated to 200° without change Above 200° it began 
slowly to darken, and finally decomposed with foaming at 265° 
It now gave the following figures 

Analysis 0 1300 gram substance, 7 9 cc N at 23°, 764 mm 

Calculated Sound 

InH.-iV 3 79 3 43 

Tyrosine 0 91 gram of tyrosine and 1 32 grams of picrolomc 
acid (1 molecule) were dissolved in 40 cc of boiling water On 
cooling the salt crystallized at once m rods grouped together m 
rosettes The substance blackens and sinters at 260° without 
melting or foaming 

Analysis 0 200 gram substance, 10 70 cc N at 22°, 760 mm 

Calculated Found 

NHs-N 3 14 3 02 

d-Vahne 1 3 grams of valine and 2 64 grams of picrolomc 

acid (0 9 molecule) were dissolved m 10 cc of boiling water The 
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salt showed a tendency to separate as an oil, which, however, 
changed to crystals nhile the solution was still warm Yield 
3 4 grams The substance melts between 170° and 180°, with- 
out decomposition The melting point is not sharply defined 

Analysis 0 200 gram substance, 12 95 cc N at 23°, 760 mm 

Calculated Found 

NHi-N 3 67 3 63 

Rotation 0 0471 gram substance, solution in alcohol, 0 834 gram, 
concentration, 5 62 per cent, specific gravity, 0 82, rotation m 0 5 dm 
tube = + 0 54° 

[a]“ = + 23 4° ± 0 2° 

The free valine was regained from 0 5 gram of the picrolonate and its 
rotation determined substance, 0 1166 gram, solution m20 per cent hydro- 
chloric acid, 2 782 grams, concentration, 4 19 per cent, specific gravity, 
1 10, rotation in 2 dm tube = + 2 13° 

[«]* = + 23 1° 0 1° 

The valme from which the picrolonate was made had been 
obtained fromaprotein hydrolysis and showed practicallythesame 
rotation Taking + 28 8° as a rotation of optically pure d-vahne, 
the sample used is calculated to contain 19 8 per cent of racemic 
valine and 80 2 per cent of the active Dividing the rotation ob- 
served for the picrolonate by 0 802 gives + 29 2° as the rotation 
of the picrolonate of the pure d-valine 

dl-Vahne 0 60 gram of Kahlbaum's valine and 1 32 grams 
of picrolonic acid (1 molecule) were dissolved m 15 cc of boiling 
water Crystallization began while the solution was still warm 
Yield, 1 84 gr ams The substance melts at once with vigorous 
decomposition if plunged into a bath of 150°, if heated from below 
130° upwards it gradually darkens and sinters, and may not decom- 
pose until it reaches 220° 

Analysis 0 200 gram ubstance, 13 0 cc N at 21°, 754 mm 


NH 2 -N 


Calculated Found 

3 67 3 65 
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Solubility Determinations 

For the determination of the solubility m watei, 0 4 gram of 
picrolonate, finely ground, was shaken 4-5 hours with 15 cc of 
water at room temperature, which varied between 20 and 23° 
The solutions were filtered, and 10 cc portions of the filtrate 
evaporated to dryness m weighed glass dishes The results are 
given m Table 1 

For the determination in alcohol the same technique was em- 
ployed, except that only 8 cc of the solvent were used and only 
5 cc evaporated The following picrolonates are readily solu- 
ble in cold alcohol those of rf-alamne, d-isoleucme, /-leucine, 
dZ-Ieucme, tyrosine, and /-phenylalanine d-V aline and dl-va line 
dissolve readily when alcohol is warmed slightly The following 
solubilities m absolute alcohol were determined quantitatively 


table 2 


PICKOLOS ATE OF 

an IMS SOLUBLE IV 100 cc 
ALCOHOL AT 20 TO 23” 

rf/-Phcnj /alanine 

0 81 

dt-Aspartic acid 

1 16 

dZ-Alaninc 

2 83 

dt-Glutaminic acid | 

3 86 

/-Phenylalanine 

5 71 


The /-phenylalanine used was that previously described, and 
contained 25 per cent of the racemic substance Although the 
figures cannot, therefore, be regarded as strictly accurate, they 
show that the picrolonate of /-phenylalanine is several times more 
soluble m absolute alcohol than that of the (//-phenylalanine 
By utilizing this difference m solubility /- and (//-phenylalanine 
can be partially separated A mixture of three parts active and 
five parts inactive picrolonate was shaken with twenty parts 
of alcohol Half of the substance was dissolved Its rotation 
showed that it was 75 per cent active The residue was abso- 
lutely inactive 

Separation of Phenylalanine and Aspartic Acid 

In 20 cc of boiling water were dissolved 0 75 gram of phenyl- 
alanine (specific rotation -27°), 1 25 grams (1 molecule) picro- 
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lomc acid, and 0 7 gram of dl-aspartic acid The solution was 
cooled and allowed to stand two hours for crystallization to be- 
come complete The picrolonate was then filtered off and washed 
uath cold water It weighed 1 76 grams, equivalent to 0 678 gram 
of phenylalanine Analysis showed it to be the pure phenyl- 
alanine picrolonate 


Anamsis 

0 1354 gram substance, CO*, 0 2645 gram, 

HO, 00555 

gram 

Calculated 

Found 

C 

53 12 

53 13 

H 

4 46 

4 63 


In a similar manner we were able to separate a mixture of glu- 
tammic acid and phenylalanine which ive encountered m a hydro- 
lysis of hemoglobin that will shortly be the subject of another 
article The use of picrolomc acid m the isolation of phenylalanine 
by the ester method decidedly improves the accuracy of the deter- 
mination Because of the crystalline nature of the picrolonates 
and the insolubility of many of them, it is possible that with their 
assistance the number of ammo-acids which can be obtained from 
hydrolyzed proteins without esterification may be increased 




PROTEIN METABOLISM FROM THE STANDPOINT OF 
BLOOD AND TISSUE ANALYSIS 


THIRD PAPER 

FURTHER ABSORPTION EXPERIMENTS WITH ESPECIAL REFER- 
ENCE TO THE BEHAVIOR OF CREATINE AND CREATININE 
AND TO THE FORMATION OF UREA 

B\ OTTO FOLIN and W DENIS 
(From the Biochemical Lahoralory of Harvard Medical School, Boston ) 

(Received for publication, June 1, 1912 ) 

The hypothesis that the nitrogenous digestion products are 
resynthesized into albuminous materials while passing through the 
mucous membrane of the mtestine and therefore cannot be detected 
in the blood was originally advanced to explain the absence of 
peptones m the blood during digestion The subsequent discovery 
that protein digestion normally proceeds further than to the pep- 
tone stage and results in the formation of ammo-acids suggested 
another explanation of the earlier negative results As the attempts 
to find the amino-acids m the blood were no more successful than 
had been the earlier attempts to find the peptones, the hypothesis 
of the immediate resynthesisof the digestion products into albumin- 
ous substances was revived Kutscher adopted it 1 and Abder- 
halden has become more and more positive that it represents the 
only adequate explanation of the negative results obtained by him 
and his coworkers in their search for peptones and ammo-acids 
in the blood Since the resynthesis hypothesis is based on nega- 
tive findings alone it has no value after the presence m the blood 
of ammo-acids absorbed from the intestine has been positively 
demonstrated In our first paper 2 * we showed that it is possible 
by means of our new analytical methods 5 to trace urea, glycocoll 
and pancreatic amino-acid mixtures not only into the blood, bifi 

1 Zeitschr f physiol Chem , xxxiv, p 529, 1902 

1 Tins Journal, xi, p 87, 1912 

* Ibid , xi, pp 493-536, 1912 
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also into the general tissues of the body Moreover, the increases 
in the non-protem nitrogen of the blood and muscles which we 
have obtained m absorption experiments are large enough to 
account for practically all the nitrogenous material absorbed from 
the intestine We do not claim to account exactly or quanti- 
tatively for all that has been absorbed It is entirely possible 
that different tissues absorb different amounts from the blood, and 
v e have therefore omitted all calculations tending to show that 
all the absorbed material is present m the animal m non-protem 
form The results obtained indicate, however, that practically 
all the absorbed nitrogen can be accounted for, so that for the 
present at least the hypothesis of immediate protein synthesis m 
the walls of the intestine must be regarded as superfluous and 
untenable 

The protein regeneration idea served only as an explanation of 
the failure to find the absorbed ammo-acids, it w as anything but an 
explanation of the formation of those ammo-acids m the intestine, 
it was inconsistent with the rapid urea elimination after protem 
feeding, and it necessarily presupposed that m chemical composi- 
tion the serum proteins are tery variable, whereas, on the contrary, 
they appear to remain decidedly uniform m composition 

As an explanation of the failure to find peptones or ammo-acids 
in the blood when they should be there in unusual amounts, the 
immediate deaminization hypothesis therefore seemed more plausi- 
ble than the protein regeneration doctrine, and w as usually accepted 
as a working hypothesis by those who could not accept the older 
theory of protein synthesis 

The supposedly high ammonia content of the portal blood, and 
the results reported by Cohnheim 4 on the production of ammonia 
and volatile bases accompanynng the disappearance of peptone 
and amino-acids from the digestixe tract of fishes (when isolated 
and suspended in blood or salt solutions) pointed certainly m the 
direction of deaminization The experiments of Jacobi 6 and of 
Lang 6 on the deaminization of amino-acids by tissue extracts 

* Zcilschr f physiol Client , li\, p 239, 1909, 1 m, p 181, 1909, lxxvi, p 
293, 1912 In his last paper Cohnheim reports only the finding of ammonia 
and no amino-acids 

‘ Zcittc/ir / physiol Client , vu, p 149, 1900 

* Ho/mcisicr'" Bcitragc, v, p 321 1904 
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seemed to furnish direct evidence of the presence of deaminizing 
ferments m the intestine and liver, and helped therefore mate- 
rially to strengthen the theory of immediate deaminization as the 
characteristic feature of intermediary protein catabolism Folin’s 
theory of protein metabolism is based on the same conception 
Fohn did not commit himself to the localization of the deamini- 
zation process 111 the intestine and liver, though he believed that 
those organs were chiefly responsible for the ammonia and urea 
formations 

The immediate deaminization theory failed of course to explain 
n hy the non-protem nitrogen did not increase m the blood during 
active absorption The adherents of that theory had to content 
themselves with the “calculations” of Bergmann and Langstem 7 
and others that the speed of the blood was so great as to remove 
the urea practically as fast as it was formed In such an appli- 
cation of these calculations it is tacitly assumed that the excretory 
capacity of the k dneys is quite as efficient as the absorptive 
capacity of the intestine, for if such were not the case, the volume 
and speed of the blood stream m the mesenteric and portal circu- 
lation could not prevent a temporary accumulation of the absorbed 
digestion products m the blood 

The results reported in our first paper indicated that the deami- 
nizing power ascribed to the intestine and liver is by no means 
adequate to prevent the accumulation of ammo-acids in the blood, 
and m our second paper 8 we showed that no specialized deamini- 
zation process is located in the intestine, and that the ammonia in 
the portal blood is very small in amount and represents the absorp- 
tion of ammonia produced in the intestinal lumen, chiefly by 
putrefactive bacteria 

The results reported m our first two papers are surprising m so 
far as they failed to reveal any urea formation at all except when 
ammonia was present in the material used for absorption This 
result might be regarded as inconsistent with the fact shown by 
ordinary feeding experiments that the urea elimination is rapidly 
increased when protein or amino-acids are fed to men or to animals 
The inconsistency is, however, more apparent than real The 
“rapid urea elimination ” after the intake of nitrogenous food is 

7 Hofmeister’s Beitraqe , vi, p 27, 1901 

8 This Journal xi, p 161 1912 
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measured by hour s, whereas m our absorption experiments we 
were dealing with minutes, and did not carry the experiments 
beyond one hour The negative results obtained for the urea dur- 
ing the first stages of absorption prove that the urea formation 
is not localized m the intestine and liver for the purpose of 
holding back all ammo-acids which are not needed for the rebuild- 
ing of body tissues, because if such x\ere the case the increase in 
the urea contents of the blood should begin practically at once, 
and should be much greatei than the accumulation of ammo-acid 
nitrogen On the other hand, unless we could show that the urea 
formation does take place later there would remain a discrepancy 
between our findings and the facts established by ordinary feeding 
experiments In this paper we wash to report results w hich seem 
to clear up in a measure the formation of urea from amino-acids 

Before taking up the consideration of experiments specifically 
planned to throw' light on the urea formation we wash to record a 
few' additional absorption experiments with substances which are 
not adapted for the study of the urea production 

For the sake of brevity Tie wish to state here certain details which repre- 
sent the procedure followed in all the experiments recorded in this paper 
unless otherwise described (1) For anesthetics wc have used ether alone, 
or ether together with a subcutaneous injection of morphine sulphate, or 
ether with chloretone (the latter injected, together with the substance inves- 
tigated, into the intestine) After the first few minutes t he ether was admin- 
istered bj means of a tracheal cannula (2) As soon as the animals were 
unconscious we laid bare the common carotids to have them read} when 
wanted and inserted a tracheal cannula in the usual manner (3) The first 
sample of blood was then taken from one of the femoral arteries by means 
of a 2 or 5 cc pipette, as described in this journal,' the gracilis muscle of 
the opened log wns dissected out, and 5 grams of it was immediately cut 
fine with scissors and immersed m pure methyl alcohol (4) The abdomen 
of the animal w as then opened and ligatures applied to the small intestine, 
one just below the stomach, the other just above the caecum (5) Unless 
otherwise stated the kidneys were not ligatured or disturbed (C) The 
substance under investigation, dissolved m from 50 to 100 grams of water, 
was then injected into the small intestine by means of a large 8} nnge and 
a hypodermic needle and the abdomen promptly closed by means of arterj 
clips (7) The animal was kept warm bv means of an electric stove below 
the holding frame (8) The alcoholic blood and tissue extracts were pre- 
pared as described >' (9) T he analytical results are calculated in terms of 

* This Journal , xi, p 527, 1912 

10 Ibid , xi, p 528, 1912 



Otto Folm and W Denis 


145 


milligrams of nitrogen per 100 grams of blood or tissue (10) The difference 
between the amount of nitrogen obtained by washing out the intestine at 
the end of the experiment and the amount of nitrogen contained m the 
injected product is given as the amount of substance absorbed A small 
error maj be invoh ed in this procedure, but in order to keep the animals 
as normal as possible we did not want to wash out the intestine before 
begmning the experiment We have washed out the intestine at the begin- 
ning and have found onlj a few (30 to 40) milligrams of nitrogen, so the error 
is certainlj of very little significance (11) Unless otherwise stated, no 
account lias been taken of the absorption of w ater from the intestine or of 
urine elimination In nearly all of our experiments there was practically 
no elimination of urine as the bladder remained collapsed, also there was very 
little water absorption, for the intestine remained full 

ABSORPTION OF ASPARAGINE 

Experiment 1 Cat 41 (weight, 3163 grams) Last feeding, 
twenty-four hours before the operation Anesthetic, ether and 
morphine After ligaturing the blood supply of both kidneys 10 
grams of Kahlbaum’s asparagine dissolved m about 100 cc of 
water were injected into the ligatured intestine Asparagine is not 
very soluble and the absorption was allowed to continue for two 
hours The following analytical results were obtained 

Milligrams 


Asparagine nitrogen injected 2154 

Asparagine nitrogen absorbed 1054 

I Non-protein nitrogen, control blood 43 

II Non-protein nitrogen, jugular vein, twenty-two min- 
utes after injection 49 

III Non-protem nitrogen, portal vein, twenty-four min- 
utes after the injection 69 

It Non-protem nitrogen, carotid artery, forty-seven 

minutes after the injection 52 

V Non-protein nitrogen, carotid artery, one hundred 

and twenty minutes after the injection 62 

VI Non-protein nitrogen, portal vein, one hundred and 

twenty-three minutes after the injection 70 

VII Non-protein nitrogen mesenteric vein, one hundred 

and twenty-nine minutes after the injection 83 

VIII Non-protem nitrogen, inferior vena cava, one hundred 

and thirty-two minutes after the injection 62 

Non-protem mtrogen in muscle before the injection 200 
Non-protem nitrogen In muscle one hundred and 
thirty-seven minutes after the injection 235 
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In the case of asparagine injections it is useless to make urea 
determinations because the imide group is not sufficiently stable 
to resist the treatment employed for decomposing urea 

The figures recorded in the above experiments are not entirely 
satisfactory There is an unmistakable increase m the non-protein 
nitrogen of the blood and m the muscle extract Quantitatively 
the figures are perhaps rather smaller than they should be on the 
basisof the asparagine absorption The explanation of themtrogen 
deficit is the fact that asparagine is precipitated together with the 
albuminous materials by the methyl alcohol used as a precipitant 
The same difficulty is met with even with such a soluble product 
as urea, unless the precipitated protein materials are washed with 
alcohol 

The loss of non-protein nitrogen involved is shown m the experi- 
ment recorded below 

Experiment 2 To slaughter-house blood containing 30 mgm 
of non-protem nitrogen per 100 cc -was added (1) urea, (2) glyco- 
coll, (3) asparagine, in the proportion of (a) 100, (b) 50 mgm of 
nitrogen per 100 cc of blood After precipitating the blood in 
the usual manner (but without washing the coagulum) with nine 
volumes of pure methyl alcohol and a little zinc chloride, the fol- 
lowing figures were obtained from the filtrates 



ADDED 

rECO>£R£D 


vxg 

tnp 

1 a Urea nitrogen 

100 

S2 

1 b Urea nitrogen 

50 

30 

2 a Glycocoll nitrogen 

100 

82 

2 b GIj cocoll nitrogen 

50 

36 

3 a Asparagine nitrogen 

100 

1 44 

3 b Asparagine nitrogen 

50 

36 


By varying the analytical procedure to the extent of washing 
the precipitated albuminous material with fresh portions of methyl 
alcohol the urea and glycocoll added to the blood can be recovered 
almost quantitatively, but with asparagine as with creatine or 
creatinine the loss remains large Thus when adding 100 mgm of 
asparagine nitrogen we recovered only 33, and when adding 
we recovered 21 
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In nil cases, but particularly in the case of asparagine, the values 
obtained for the non-protein nitrogen of the blood must therefore 
be regarded as minimum values so far as the increase due to the 
absorbed substance is concerned 

) 

ABSORPTION OF TYROSINE 

In view of the insolubility and low nitrogen content of tyrosine 
it seemed practically hopeless to try to trace its transportation 
from the digestive tract to the blood and tissues by means of nitro- 
gen determinations The negative results which have heretofore 
been obtained by means of Millon’s reagent 11 also indicate that 
tyrosine is absorbed very slowly indeed Millon’s reaction is how- 
ever not a particularly delicate one for the detection of tyrosine 
One part m 10,000 seems to be about the limit for an unmistakable 
test on. the basis of that reaction A far more delicate color reaction 
for tyrosine is one recently discovered by Fohn and Macallum on 
the basis of a certain phosphotungstic phosphomolybdic compound, 
the exact composition of which we do not know, but the practical 
preparation of which is described elsewhere 12 By means of this 
reagent we obtain an unmistakable blue color with solutions con- 
taining 1 part of tyrosine m 1 million parts of water Here we 
had, therefore, a method by means of which it should be an easy 
matter to trace tyrosine m the body 
Experiment 3 Cat 48 (weight, 2530 grams) Last feeding, 
twenty-four hours before the operation Anesthetic, ether and 
morphine Two grams of tyrosine dissolved m about 125 cc of 
warm 1 per cent sodium carbonate solution was used for the injec- 
tion More tyrosine could not be used for want of a suitable 
solvent The usual nitrogen determinations were made on the 
blood and on muscle extracts only to determine whether any 
increase m the non-protein nitrogen occurs m the absence of active 
absorption 

Milligrams 

I Non-protein nitrogen in control blood 39 

Urea nitrogen 20 

II Non-protein nitrogen, carotid artery, eighty-four 

minutes after the injection 40 

Urea nitrogen 20 


11 H C Bradley This Journal, Xi, p 10, 1912 
15 See the next number of this Journal 


THE JOURNAL or BIOLOGICAL CHEMISTRY VOL VII NO 1 


148 


Urea Formation 


III Non-protcm nitrogen, carotid artery, one hundred and 

eight} minutes after the injection 39 

Urea nitrogen 19 

IV Non-protcm nitrogen, portal vein, one hundred and 

cighty-thrcc minutes after the injection 39 

Urea nitrogen 20 

V Non-protein nitrogen, mesenteric vein, one hundred 

and eighty-six minutes after the injection 39 

Urea nitrogen 19 

Non-protein nitrogen in muscle before the injection ISO 
Urea nitrogen 26 

Non-protein nitrogen in muscle one hundred and ninetj 
minutes after the injection ISO 

Urea nitrogen 26 

For the colorimetric test for tyrosine we evaporated 20 cc of 
the alcoholic filtrates m the usual manner, and added first about 
1 cc of the phosphotungstic-molybdenum reagent, 2 or 3 cc of 
v ater, and then solid sodium carbonate m excess (as much as would 


dissolve) The control extracts of blood and muscle gave an 
extremely famt reaction, while all the other tests both in the blood 
and in the second muscle extract were so strong as to un 1 istak- 
ably prove the presence of the tyrosine It seemed hardly north 
while to make the test quantitative because of the small amounts 
involved, but the reaction is decided enough to be available for 
quantitative purposes 

ABSORPTION OF CREATININE 

Creatinine like asparagine adheres so tenaciously to the albumi- 
nous precipitate produced on adding alcohol to blood that all of 
it cannot be recovered The absorption and general distribution 
of creatinine is however easily demonstrated by means of the non- 
protein nitrogen determinations The colorimetric estimation of 
creatinine m the alcoholic blood and tissue extracts proved at first 
rather puzzling Although our nitrogen determinations showed 
that our extracts contained enough of the absorbed creatinine to 
make a colorimetric determination feasible, we failed to get even a 
sure qualitative test with the alkaline picrate reagent The nega- 
tive results could have been due to the transformation of creatinine 
into creatine, although this seemed unlikely from what we know 
concerning the metabolism of these two products Boiling the 
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extracts with hydrochloric acid or heating the dry residues failed 
however to yield the creatinine reaction The true explanation 
was found on adding creatinine directly to alcoholic blood extracts 
The negative results obtained are due to the presence msuch extracts 
of some inhibiting substance Fortunately that substance is solu- 
ble in ether and in chloroform The fact that muscle and blood 
contain substances which interfere with the colorimetric determina- 
tion of creatinine doubtless invalidates at least some of the creatine 
and creatinine determinations recorded in the literature The 
creatinine determinations of Noel Paton 13 in goose flesh, for exam- 
ple, were made under conditions which precluded his finding any 
creatinine v Inch might have been present in his muscle extracts 
To test for creatinine or to determine it we have therefore worked 
out the following procedure To the alcoholic blood or tissue 
extract in an evaporating dish add 0 1 or 0 2 gram of picric acid 
(in methyl alcohol solution) and evaporate to dryness Wash the 
residue several times with chloroform saturated with picric acid 
and, finally, once with pure chloroform Then add a little water 
and alkali in the usual manner and make up to a suitable volume 
(usually 25 or 50 cc ) 

As a standard for such creatinine determinations pure creatinine solutions 
are rather more satisfactory than the half-normal potassium bichromate 
solutions originally recommended by Folin Creatinine keeps indefinitely 
in tenth-normal hydrochloric acid solutions, and since creatinine can non 
easily be prepared in pure condition the chief reason for using the bichro- 
mate as a standard no longer holds One gram of creatinine dissolved 
in a liter of tenth-normal acid can be used for several hundred determma 
tions by taking 1 cc and making the reaction m a 50 cc volumetric flask 

Experiment 4 Cat 42 (weight, 2353 grams) Three days after 
the last feeding the animal was anesthetized (ether and morphine), 
the right kidney was removed, the ureter of the left kidney was 
ligatured, and 6 grams of creatinine together with about 100 of 
water were introduced into the ligatured intestine 

Milligrams 


Creatinine nitrogen injected 2172 

Creatinine nitrogen absorbed in pighty minutes 822 

I Non-protein nitrogen m control blood 31 

Urea nitrogen 17 


13 Journ of Physiol \\\i\ p 488, 1910 
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15 ° 

Milligram* 


II Non-protem nitrogen, carotid arterj, nine minutes 

after the injection 60 

Urea nitrogen IS 

III Non-protein nitrogen, portal vein, fourteen minutes 

after the injection 79 

Urea nitrogen 18 

IV Non-protem nitrogen, portal vein, fifty-one minutes 

after the injection 91 

Urea nitrogen 17 

V Non-protein nitrogen, carotid artery, fifty-four min- 
utes after the injection 78 

Urea nitrogen 17 

VI Non-protem, mesentenc vein, si\ty-seven minutes 

after the injection 104 

Urea nitrogen 17 

VII Non-protein nitrogen, carotid arterj, eighty minutes 

after the inj ection 91 

Urea nitrogen 18 

Non-protem nitrogen m muscle before the injection 216 

Urea nitrogen 26 

Non-protem nitrogen m muscle eighty minutes after 
the injection 250 

Urea nitrogen 26 

Non-protem nitrogen in kidney before the injection 147 

Urea nitrogen 19 

Non-protein nitrogen in kidney eighty minutes after 
the injection 181 

Urea nitrogen 10 


The colorimetne creatinine determinations shattered in this 
experiment for reasons which we have already described We 
had kept some of the samples of blood, however, and later made 
colorimetne determinations on blood samples IV, V, and VI 
The colorimetric values obtained gave us 51, 44 and 70 mgm , 
respectively, per 100 cc of blood for the creatinine nitrogen The 
corresponding direct nitrogen determinations, after subtracting the 
normal value 31, are 65, 47 and 73 

Experiment 5 Cat 44 (weight, 2743 grams) For two iveeks 
prior to the expenment this animal had been kept on a low nitrogen 
diet consisting of rice (25 grams) and cream (50 cc , 15 per cent 
fat) For anesthetic we used ether and morphine Before inject- 
ing the creatinine solution the bladder was emptied by means of 
a syringe 
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Milligrams 


Creatinine nitrogen injected 2172 

Creatinine nitrogen absorbed in one hundred and 
twenty -three minutes 922 

I Non-protein nitrogen in control blood 30 

Urea nitrogen 20 

II Non-protein nitrogen, portal vein, one hundred 

and twenty minutes after the injection 45 

Urea nitrogen 21 

Creatinine nitrogen, colorimetric determina- 
tion 12 (15) 

III Non-protein nitrogen, mesenteric vein, one hun- 

dred and twenty-three minutes after the 
injection 50 

Urea nitrogen 21 

Creatinine nitrogen, colorimetric determina- 
tion 25 (26) 

IV Non-protein nitrogen, iliac vein, one hundred 

and twenty-five minutes after the injection 42 

Urea nitrogen 21 (22) 

Creatinine nitrogen, colorimetric determina- 
tion 9 

V Non-protein nitrogen, iliac artery, one hundred 

and twenty -se\ en minutes after the injection 45 

Creatinine nitrogen, colorimetric determina- 
tion . 12 (15) 

Non-protein nitrogen in muscle before the injec- 
tion 130 

Urea nitrogen 16 

Creatinine nitrogen, colorimetric test trace 

Non-protein nitrogen in muscle one hundred and 

twenty-seven minutes after the injection 180 

Urea nitrogen 16 

Creatinine nitrogen, colorimetric determina- 
tion 54 (50) 


The most striking difference m the results recorded m Experi- 
ments 4 and 5 is the different distribution of the absorbed creat- 
inine In the former there is a greater accumulation m the blood, 
and in the latter the muscles have taken up a greater proportion 
It is not possible at the present time to definitely explain this 
variation The two experiments are not strictly similar The 
absorption periods are longer m Experiment 5, and it is quite 
likely that the speed of the absorption diminishes as the absorbed 
product accumulates in the blood, and that the muscles therefore 



152 


Urea Formation 


absorb a larger proportion Further, Cat 42 had been fed on a 
protein-rich diet preliminary to the fasting, while Cat 44 (Experi- 
ment 5) had been kept on a low nitrogen diet which, especially 
in a naturally high protein animal like the cat, might leave the 
muscles unusually Ion m non-protein nitrogen and thereby lead 
to a greater avidity for the absorbed products The non-protein 
nitrogen per 100 grams of control muscle in Cat 42 is 214 mgm , 
as against only 130 mgm m Cat 44 In Cat 42 the elimination 
of urine had been prevented, but this has little to do with the 
result, for in the bladder of Cat 44 we obtained only a small quan- 
tity of urine secreted during the experiment and it contained only 
a few milligrams of creatinine During the last few years numerous 

interesting and suggestive papers have appeared on creatine and 
creatinine, on the transformation of the one into the other, and 
vice versa, as well as on their complete destruction within the body 
The results of our absorption experiments seem to throw some new 
light from a different angle on the problems thus raised The 
hypothetical transformation of creatinine into creatine m the mus- 
cles, as suggested by Mellanby, 14 or by means of ferments, as 
claimed by Gottlieb andStangassmger, 16 isnot founded on convinc- 
ing experiments and is certainly not supported by the determina- 
tions recorded above Considering the nature of our experiments 
and the somewhat preliminary character of the analytical tech- 
nique, the colorimetric values obtained for the creatinine m the 
blood as well as in the muscle correspond surprisingly well with the 
total increase in the non-protein nitrogen 
To make this point clear we have inserted in brackets opposite’ 
the creatinine nitrogen figures the corresponding figures derived 
from the total non-protein nitrogen determinations 

According to the experiments of Gottlieb and Stangassmger the 
tissues of the animal body contain not only ferments capable of 
transforming creatinine into creatine but also ferments capable of 
decomposing creatine and creatinine The figures which we have 
obtained for the urea m the above experiments are however entirely 
negative so far as the “destruction” of creatinine is concerned 
And since our results were obtained from experiments with living 
animals we are inclined to insist that the results obtained by Gott- 

u Journ oj Physiol , \li, p 447, 1908 

11 Zeitschr f physiol Client , In, p 1, 1908, Ivn, p 131, 190S 
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heb and Stangassmger m their autolysis and perfusion experiments 
have no bearing on the processes of animal metabolism More- 
over, the analytical results of Gottlieb and Stangassmger are more 
or less open to suspicion m view of the circumstance that they did 
not discover and did not take into account the fact that blood and 
tissues contain substances which interfere with the colorimetric 
creatinine determinations Their conclusion that the figures they 
obtained represented maximum values because of other substances 
giving the same reaction is certainly untenable To be sure Van 
Hoogenhuyze and Verploegh have verified their results 16 but Mel- 
lanby on the other hand was unable to do so At all events our 
results lend no support to the theory that the animal body contains 
special ferments for the destruction of creatinine 


ABSORPTION OF CREATINE 


In the study of the creatine we have made use of the following 
method 


To 10 to 20 cc of the alcoholic blood or tissue extract contained in a 
large test tube is added 0 1 to 0 2 gram of picric acid dissolved in methyl 
alcohol and the mixture evaporated to dryness in a boiling water bath The 
addition of a few strands of shredded asbestos prevents bumping and facili- 
tates the subsequent solution When all alcohol has been driven off the 
tubes are stoppered with tin foil and heated in an autoclave at 130° to 135° 
for 30 minutes When cool the creatinine picrate is washed with chloro- 
form, etc , as described above under the determination of creatinine 


Experiment 6 Cat 43 (weight, 2300 grams) Anesthetic, ether 
and morphine For twelve days previous to the experiment this 
animal had been kept on the low nitrogen rice and cream diet 
described above The right kidney was taken out before the 
injection of 5 7 grams creatine dissolved m about 100 cc of water 


r 

XI 


Creatine nitrogen injected 
Creatine nitrogen absorbed in forty-four minutes 
Non-protein nitrogen m control blood 
Urea nitrogen 

Non-protein nitrogen, portal vein, fourteen minutes 
after the injection 
Urea nitrogen 


Milliftramt 

1595 


387 

31 

20 

35 

20 


16 Zmtschr f physiol Chem , lvu, p 206, 1908 
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ihlhgramt 


III Non-protein nitrogen, carotid artery, fourteen min- 

utes after the injection 34 

Urea nitrogen 20 

Creatine trace 

IV Non-protein nitrogen, portal vein, thirty-four minutes 

after the injection 35 

Urea nitrogen 19 

Creatine nitrogen, colorimetric determination 4 

V Non-protein nitrogen, portal vein, ninety-five minutes 

after the injection 43 

Urea nitrogen 20 

VI Non-protein nitrogen, mesenteric i ein, ninety-six 

minutes after the injection 50 

Creatine nitrogen, colorimetric determination 17 

VII Non-protein nitrogen, carotid artery, onehundred and 

two minutes after the injection 41 

Urea nitrogen 20 

Creatine nitrogen, colorimetric determination 12 

VIII Non-protein nitrogen, mesenteric vein, one hundred 

and four minutes after the injection 77 

Creatine nitrogen, colorimetric determination 48 

Non-protein nitrogen in muscle before the injection 175 

Urea nitrogen 17 

Creatine nitrogen, colorimetric determination 50 

Non-protein nitrogen m muscle one hundred and four 
minutes after the injection 193 

Urea nitrogen 21 

Creatine nitrogen colorimetric determination 85 

Non-protein nitrogen in right hidnej before the 
injection 140 

Creatine absent 

Non-protein nitrogen m left kidney one hundred and 
four minutes after the injection 160 

Creatine nitrogen, colorimetric determination 25 


Experiment 7 Cat 50 (weight, 2293 grams) Anesthetic, ether 
and morphine This cat had been fed 150 grams of eggs daily 
for 3 days before the beginning of the experiment but received no 
food during the last twenty-six hours The results of the preceding 
experiment showed that it is useless to introduce very much creatine 
because it precipitates in the intestines In this case we used 
therefore only 3 6 grams dissolved m about 75 cc of water The 
kidneys were left undisturbed, but the bladder was emptied before 
the injection 
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Creatine nitrogen injected 1000 

Creatine nitrogen absorbed m one hundred and twenty- 
nine minutes 500 

I Non-protein nitrogen in control blood 67 

Urea nitrogen 37 

II Non-protein nitrogen, jugular -vein, forty-five minutes 

after the injection 70 

Urea nitrogen 36 

Creatine nitrogen, colorimetric determination 15 

III Non-protein nitrogen, carotid artery, one hundred 

and twenty minutes after the injection 84 

Urea nitrogen 36 

Creatine nitrogen, colorimetric determination 19 

IV Non-protein mtrogen, carotid artery, one hundred 

and eighty minutes after the injection 94 

Urea nitrogen 36 

Creatine nitrogen, colorimetric determination 25 

V Non-protein nitrogen, iliac vein, one hundred and 

eighty-three minutes after the injection 94 

Urea nitrogen 36 

VI Non-protein nitrogen, hepatic vein, one hundred and 

eighty-mne minutes after the injection 94 

Urea nitrogen 38 

Creatine nitrogen, colorimetric determination 25 

Non-protein mtrogen m muscle before the injection 232 

Urea nitrogen 25 

Non-protein nitrogen m muscle one hundred and 
eighty-nme minutes after the injection 270 

Urea nitrogen 25 


In the last experiment we obtained for the first time a marked absorption 
6f water from the intestine and also a considerable elimination of urine 
The urine (30 cc ) contained so much creatine that about an hour after we 
had drawn it, the creatine began to crystallize out To prevent the crys- 
tallization we added 3 drops of concentrated hydrochloric acid and immedi- 
ately determined the preformed creatinine The analytical figures (in 
grams per 100 cc ) obtained on the urine are as follows Total mtrogen, 1 7, 
urea nitrogen, 0 27, creatinine mtrogen, 0 02, creatine nitrogen, 0 66 
This urine also contained 2 65 per cent of sugar The cat, not a very tame 
one, got away from us and hid behind the laboratory desks for almost an 
hour before he was again captured Notwithstanding the unconsciousness 
of the animal the “emotional glycosuria,” described bv Cannon, 1 evidently 
persisted till the end of the experiment 


17 Amer Journ of Physiol , xxix, p 280, 1911 
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With reference to the question of decomposition and urea forma- 
tion the figures recorded above indicate that none of the absorbed 
creatine has been converted mto urea The absence of demon- 
strable decomposition and urea formation is thus m harmony with 
the “disappearance” of creatine reported by Folin 18 on the basis 
of feeding experiments with the same substance Folm’s experi- 
mental results were more or less identical with those obtained by 
Klercker and they have since been verified by Van Hoogenhuyze 
and Verploegh 19 and others Folin’s interpretation with reference 
to the disappearance of the creatine nitrogen has as yet been 
neither verified nor disproved, though it has met with considerable 
skepticism Van Hoogenhuyze and Verploegh, and Pekelhanng 20 
as well as Towles and Voegtlm 21 all take for granted that a large part 
of the creatine which gets into the circulation must be destroyed 
The point of view is a perfectly legitimate one as an explanation 
of the fact that only a very small fraction of injected creatine 
can be traced to the urine as creatine, and still less, if any, as creat- 
inine Experimental proof that the nitrogen of injected creatine 
is eliminated as urea is, however, still conspicuously absent This 
is all the more remarkable in view of the chemically unstable char- 
acter of creatine as compared noth the typical urea-formers, the 
ammo-acids So far as any special destructive or transforming 
power of the liver is concerned, whether it be of creatine into 
creatinine or into urea, or of creatinine mto creatine or urea, we 
have failed to find any evidence of it The blood which contained 
large quantities of creatine and which must have passed through 
the liver a great many times gave no stronger creatinine reaction 
than did the control blood In this respect our results are there- 
fore m harmony with the recent observations by Towdes and 
Voegtlm- on feeding creatine and creatinine to dogs with an Eck’s 
fistula 

THE FORMATION OF UREA 

In discussing the experimental results obtained with creatine and 
creatinine we have used the absence of a demonstrable urea for- 

I! Hammarsien’s Festschrift, 1906 

18 Loc cii 

so Zeitschr f physiol Chem , lxxv, p 214, 1911 

11 This Journal, x, p 496, 1912 

» ! Loc at 
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mation as an argument against the hypothesis that these two prod- 
ucts are extensively destroyed m the body In doing so we have 
foreshadowed the point w Inch we propose to prove m this section, 
namely, the formation of urea from ammo-acids under the condi- 
tion of our absorption experiments 
In our earlier work we were particularly bent on showing and 
emphasizing the fact and the speed of the absorption of ammo-acids, 
and consequently made experiments of comparatively short dura- 
tion The result was a rapid absorption unaccompanied by any 
unmistakable urea formation The experiments which we now 
wish to report were planned specifically for the purpose of showing 
the formation of urea from the absorbed products, hence we have 
as a rule drawn no blood during the first half hour after the injec- 
tion, and have continued the experiments longer than m our earlier 
work — from two to four hours 


ALANINE ABSORPTION AND URE4 FORMATION 

Experiment 8 Cat 4G (weight, 2030 grams) In the early 
stages of pregnancy Last feeding (meat) twenty-four hours 
before the operation Anesthetic, ether and morphine 


I 

II 

III 

IV 


Milligrams 


Alanine nitrogen injected (in 70 grains of water) 

Alanine nitrogen absorbed in one hundred and sixty- 
eight minutes 

Non-protein nitrogen, control blood 
Urea nitrogen 

Non-protein nitrogen, carotid artery, sixty-tuo min- 
utes after the injection 
Urea nitrogen 

Non-protein nitrogen, carotid artery , one hundred 
and thirty-two minutes after the injection 
Urea nitrogen 

Non-protein nitrogen, portal vein, one hundred and 
sixty-eight minutes after the injection 
Urea nitrogen 

Non-protein nitrogen in muscle before the injection 
Urea nitrogen 

Non-protein nitrogen m muscle one hundred and 
eighty minutes after the injection 
Urea nitrogen 


1500 

600 

41 

25 

49 

26 

56 

36 

70 

38 

194 

26 

232 

41 
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Experiment 9 Cat 53 (weight, 1193 grams) Young ani- 
mal fed on rice and cream (eight days) 

ISxlUtraiM 


Alanine nitrogen injected (in 35 grams of water) 500 

Alanine nitrogen absorbed in one hundred and eighty- 
two minutes 458 

I Non-protein nitrogen, control blood 35 

Urea nitrogen 17 

II Non-protein nitrogen, carotid artery, seventy-four 

minutes after the injection 65 

Urea nitrogen 23 

III Non-protein nitrogen, carotid artery, one hundred 

and eightj minutes after the injection 88 

Urea nitrogen 35 

IV Non-protein nitrogen, hepatic vein, one hundred and 

eightj -two minutes after the injection 88 

Urea nitrogen 35 

Non-protein nitrogen m muscle' 3 before the injection 210 
Urea nitrogen 30 

Non-protein nitrogen in muscle 53 one hundred and 
eightj -two minutes after the injection * 248 

Urea nitrogen 38 


GLYCOCOLL ABSORPTION AND UREA FORMATION 

Experiment 10 Cat 47 (weight, 2293 grams) Fed on meat 
for eight days Last feeding, twenty-eight hours before the opera- 
tion Anesthetic, ether and chloretone 

UtlUQramt 

Glj cocoll nitrogen injected (m 100 grams of water) 1867 
Glycocoll nitrogemabsorbed in tw o hundred and thirtj 


minutes 917 

I Non-protein nitrogen, control blood 60 

Urea nitrogen 34 

II Non-protein nitrogen, carotid artery, one hundred 

and tw entj minutes after the injection 100 

Urea nitrogen 44 

III Non-protein nitrogen, carotid artery, one hundred 

and eightj minutes after the injection 101 

Urea nitrogen 50 

IV Non-protein nitrogen, portal vein, two hundred and 

twentj-two minutes after the injection 128 

Urea nitrogen 58 


53 Onlj 2 5 grams muscle (gracilis) taken for analjsis 
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Milligrams 

V Non-protcin nitrogen, iliac arterj, two hundred and 


thirty minutes after the injection 124 

Urea nitrogen 60 

Non-protein nitrogen in muscle before the injection 248 
Urea nitrogen 42 

Non-protein nitrogen in muscle two hundred and 
forty minutes after the injection 304 

Urea nitrogen 54 


Experiment 11 Cat 52 (weight, 1043 grams) This was a 
very young animal and had been fed on rice and cream for seven 
days, last feeding being twenty-four hours before operation 
Anesthetic, ether and morphine 

Ah Hi prams 


Glycocoll nitrogen injected (in 30 grams of w ater) 558 

Glycocoll nitrogen absorbed ux one hundred and 
twenty minutes 158 

I Non-protein nitrogen, control blood 29 

Urea nitrogen 16 

II Non-protcin nitrogen, carotid artery, si\t> minutes 

after the injection 42 

Urea nitrogen 24 

III Non-protein nitrogen, carotid arterj , one hundred 

and twenty minutes after the injection 56 

Urea nitrogen 30 

N on-protein nitrogen m muscle 24 before the injection 200 
Urea nitrogen 24 

Non-protein nitrogen m muscle 24 one hundred and 
twenty minutes after the inj ection 236 

Urea nitrogen 30 


In addition to the four experiments recorded above on the urea 
formation from ammo-acids, we have made many others, but as 
they all show substantially the same thing and nothing more, it 
seems hardly worth while to publish them Those already cited 
prove definitely that at the end of an hour or more the formation 
of urea from the absorbed ammo-acids has begun and is unmis- 
takably demonstrable In fact we have some experiments where 
the urea increase is marked at the end of 45 minutes When 
substances other than pure ammo-acids are injected the urea 
formation begins much earlier This is true, for example, for 
Witte’s peptone 

24 Only 2 5 grams muscle (gracilis) taken for analysis 
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PEPTONE ABSORPTION AND UREA 1 ORMATION 

Experiment 12 Cat 51 (weight, 3593 grams) Last feeding 
(meat) twenty-six hours before the operation Anesthetic, ether 
and morphine 

Milligrams 


Peptone nitiogen injected 500 

Peptone nitrogen absorbed in one hundred and ninety- 
three minutes 225 

I Non-protein nitrogen, control blood 54 

Urea nitrogen 26 

II Non-protein nitrogen, carotid arterj, twenty-three 

minutes aftci the injection 66 

Urea nitrogen 34 

III Non-piotein nitrogen, carotid artery, one hundred 

and ten minutes after the injection 72 

Urea nitrogen 40 

IV Non-protein nitrogen, iliac vein, one hundred and 

seienti-five minutes after the injection 86 

Urea nitrogen 54 

V Non-protein nitrogen, iliac arterj one hundred and 

eighty minutes after the injection 86 

Urea nitrogen 54 

VI Non-protein nitrogen, hepatic vein, one hundred and 

ninety-three minutes after the injection 85 

Urea nitrogen 54 

Non-protcm nitrogen in muscle before the injection 200 

Urea nitrogen 27 

Non-protein nitrogen in muscle one hundred and 
ninety-three minutes after the miection 248 

Urea nitrogen 42 


The results obtained with such complex mixtures as Witte’s 
peptone are, of course, less clear cut and much more difficult to 
interpret than are the results obtained with pure ammo-acids 
Peptone contains not only more or less ammonia but m addition 
contains amid nitrogen, so that we do not know how far our urea 
figures represent real deaminization It is interesting to note, 
however, that even with such a product the “urea” nitrogen 
obtained from the hepatic blood is not larger than the urea m the 
blood obtained at about the same time from the iliac artery The 
liver has not brought about any demonstrable specialized deammi 
zation 

Our experimental data prove that the absorption of ammo-acids 
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is, after a while, accompanied by the formation of urea They 
do not furnish any definite evidence as to u here the urea is formed 
In the absence of satisfactory proof that deaminization and urea 
formation is localized Me are not justified in assuming that the 
process is a specialized process m the sense of being confined to 
some particular organ In other n r ords, so far as u e yet know , the 
urea forming process is one characteristic of all the tissues and by 
far the greatest amount of the urea is therefore probably formed 
in the muscles The negative results, so far as any localized ui ea 
formation is concerned, is almost satisfactory proof that there is 
none, for if there Mere one central focus from which all or nearly 
all of the urea originated we could scarcely have failed to find it 

The hypothesis that the urea forming process is thus probably 
largely a matter of muscle metabolism predicates of course nothing 
as to the nature of the process In no n ay does it invalidate or 
weaken the prevailing view that deaminization rather than oxida- 
tion represents the first step in the formation of urea from ammo- 
acid nitrogen Ascribing to the muscles the greatest share in the 
urea formation represents, therefore, in no essential point a return 
to the earlier teachings of Pfluger or of Voit 

The important issue betneen Pfluger and Voit lvas the highly 
speculative one as to whether the food protein after absorption 
had to become living protoplasm before beingdestroyed, or whether 
it was decomposed as circulating protein That problem is, hou- 
ever, now definitely settled by our results The food protein 
reaches the tissues in the form of ammo-acids and those ammo- 
acids M'hich are not needed for the rebuilding of broken donn 
body material are not rebuilt either into protein orprotoplasm, 
but are broken down and their mtrogen converted into urea Thus 
there is virtually nothing ieft of the older teaching of Pfluger and 
Voit on this particular subject 

On the other hand new problems are now pressing for answer 
What is the starting impulse and the controlling factor m the urea 
formation? Does a given amount of absorbed nitrogen yield the 
same amount of urea m a given time whether it is represented by 
many or by only one kind of ammo-acids? In other words does 
a certain total concentration of ammo-acid nitrogen result m urea 
formation or do the tissues maintain a separate nitrogen equilib- 
rium on the basis of each individual ammo-acid? Frpm a teleo- 
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logical standpoint it would seem almost certain that each tissue 
would deal individually with each kind of available ammo-acids, 
and would tend to maintain the kind of mixture most suitable to 
its needs If such is the case, each tissue maintains a certain supply 
of each amino-acid and the urea formation from any particular 
ammo-acid depends, so to speak, on the “partial pressure” of that 
particular acid This appears to us the simplest tentative hypoth- 
esis concerning the urea formation out of the surplus food protein 



ON THE NON-ENZYMATIC CHARACTER OF 
OOCYTIN (OOCYTASE) 

Bv T BRAILSFORD ROBERTSON 

( From Ike Rudolph Sprockets Physiological Laboratory of the University of 

California ) 

(Received for publication, June 1, 1912 ) 

1 INTRODUCTION 

In a previous communication I have shown 1 that the active 
agent m ox-serum, which brings about the formation of fertiliza- 
tion-membranes m sea-urchin eggs, can be isolated by a process 
consisting, essentially, in precipitation by barium chloride, reso- 
lution of this precipitate m dilute acid, and repreeipitat ion by 
acetone 

This fertilizing agent, as Loeb has shown 2 * and as I have also 
found, is thermostable, resisting an exposure of nineteen hours to 
a temperature of 58°C It is possibly derived from the breaking 
down of leucocytes in shed blood Consequently it appears to 
present some analogies to the cylases or cell-liquefymg substances 
shown by MetchnikofP to be derivable from white corpuscles 
In the commumcation to which I have referred I therefore sug- 
gested that this substance be termed oocylase 

The substances (other than those which occur m sperm, tissue- 
extracts, etc ) which are known to brmg about membrane-forma- 
tion in sea-urchin eggs are not enzymatic m character As Loeb 
has pointed out, 4 the agencies which bring about membrane-form- 
ation are haemolytic agents, to wit, besides heat, (1) certain specific 
substances, such as saponin or bile-salts, (2) a series of fat dis- 

1 T Brailsford Robertson This Journal, xi, p 339, 1912 
s J Loeb Die chernische EnlmcUungserrcgung des licnschen Eics, Berlin, 

P 187 1909 

’ E Metchmkoff L’lmmunitS dans les maladies mfectieuses, Pans, 1902 
' J Loeb loc cit , p 132 
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solving agents such as benzene, ether, alcohol and fatty acids, (3) 
distilled water, (4) hydrogen 10 ns and (5) hydroxyl 10 ns So far 
as is known at present no enzymes are capable of bringing about 
membrane-formation It therefore appeared of importance to 
ascertain whether, or not, the fertilizing agent which occurs m 
tissue-fluids such as blood-serum is an enzyme Accordingly the 
folloumg investigations were undertaken 

2 EXPERIMENTAL 

Preparation of the oocytm ( oocytase ) 

To 3800 cc of defibnnated and centnfugalized blood were added 590 cc 
of 5 |! NaCl, making the total volume 4390 cc 5 To this were added 2190 cc 
of 7 per cent BaCIs solution A thick cloud appeared m the mixture Por- 
tions of the mixture were heated to from 30° to 40° for about one hour and 
the remainder (over 4 liters) was kept in a warm room for some hours The 
mixture deposited a membranous white precipitate , it \ma allowed to stand 
on ice over night The following day the mixture was centrifuged, the entire 
precipitate being collected in eight 50 cc centrifuge tubes The precipitate, 
after having been thoroughly drained, was stirred up m 500 cc of 2 per cent 
BaClj solution and again centrifuged and thoroughly drained This was 
repeated three times The precipitate was then stirred up m 200 cc of tt 
HC 1 rapidly and continuously for one hour, most of the precipitate dis- 
solved, but some residue remained To this mixture were added 20 cc of 
10 per cent Na SO< solution, while stirring The mixture was then allowed 
to stand at 38°C over night 

The following morning this mixture was centrifuged and the supernatant 
fluid was filtered To the clear, white, slightly opalescent filtrate, which 
was free from barium (yielded no precipitate or cloud on further addition 
of NniSOt), was added 1 liter of acetone (Merck’s HP) A copious Boc- 
culent precipitate formed and settled quickly This was collected upon a 
hardened filter, washed twice m 200 cc of alcohol and once with 200 cc of 
ether and dried over HsSO« at 38° over night The following day it was 
pulverized and sifted and obtained m the form of a perfectly white friable 
powder The total weight of the product obtained was 1 06 grams About 
one-eighth of the material was lost through the breaking of a centrifuge- 
tube, so that the total amount which might have been obtained from the 
volume of serum employed was 1 2 grams, corresponding to a concentration 
of 0 03 per cent m the serum 

The substance was spread out in a thm layer to dry over H-SCh at 38° for 
some days Careful flame tests, both before and after moistening the pow- 
der with nitric acid, foiled to reveal the presence of any trace of barium 

8 1 have observed that if excess of NaCl is added at this point precipi- 
tation by barium is greatly delayed 
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The substance thus obtained was an exceedingly potent ferti- 
lizing and c> tolyzmg agent At a dilution of one to half a million 
it caused membrane-formation m 100 per cent of sensitized 6 eggs 
of Strongyloccntrolus pvrpnralus within ninety minutes At a 
dilution of one to twenty-five thousand it caused marked cytolysis 
m a like period of time 

Comparison with trypsin ( allali-protemase ) 

I prepared a 2 per cent solution of "basic” potassium casemate, 7 neutral 
to phenolphthalcm, by dissolving 8 grams of casein in 64 cc of yrr ItOH which 
had previously been diluted to 400 cc The solution was filtered before 
using in order to remo\ e a very slight trace of undissolved residue 

Three 100 cc samples of this solution were then taken and separately 
placed in tightly -stoppered Erlenmeyer flasks of 200 cc capacity From 
tno to three drops of toluol were added to each sample and they were then 
wanned to 35°C 

Three cubic centimeters of a solution containing 50 mg of oocytin were 
prepared by dissolving 50 mg of oocy tin in 1 5 cc of nr HC1 and then accu- 
rately neutralizing this solution by the addition of 1 5 cc of -nr KOH 
A 0 4 per cent solution of trypsin was prepared by dissolving Grubler’s 
trypsin punss sicc in distilled v, ater 

The 100 cc samples of 2 per cent potassium caseinate were then treated 
as follows 

To number 1 added 3 cc of distilled water 

To number 2 added 3 cc of 0 4 per cent trypsin solution (= 12 mg trypsin) 
To number 3 added 3 cc of solution containing 50 mg oocytin 
The mixtures thus prepared were then returned to the incubator at 35°C 
From time to time, as detailed belou , 10 cc samples were taken from each 
flask and the quantity of casein hydrolyzed in each mixture was determined 
by a method previously described 8 The following were the results obtained 



j GRAMS C 

'ASEIN PEE 100 CC HYDROLYZED 

TIME or DIGESTION" I 

! 

! 

1 Mixture containing no 

1 trypsin or oocytin 

Mixture containing 12 j 
mg trypsin per 100 cc ' 

Mixture containing 50 
mg o5cytln per 100 cc 

1 hour 

0 0 

0 3 

0 0 

3 hours 

0 0 

0 9 

0 0 

6 hours 

0 0 

1 8 

0 0 

23 hours 

0 0 

2 1 | 

0 0 


* By four minutes' imm ersion in SrCh 

7 For the methods employed in purifying the casein, preparing solu- 
tions of the casemates of known reaction, etc , cf T Brailsford Robertson 
Die physikahsche Chemie der Proteine, Dresden, 1912 

8 T Brailsford Robertson this J ournal, xn, p 23 
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It is clear, therefore, that m faintly alkaline solutions oocytin 
exerts no measurable proteolytic action, even when present in a 
concentration four times as great as the concentration of trypsin 
which brings about complete hydrolysis of the casern m 2 per cent 
solution after twenty-three hours We may conclude that oocytin 
possesses no detectible tryptic activity, it is not an alkali-pro- 
teinase 

Comparison with pepsin ( acid-proteinase ) 

If pepsin (acid-proteinase) be allowed to act upon casein in neu- 
tral or faintly acid solution, after the lapse of some time a con- 
siderable quantity of a phosphorus-nch substance (paranuclein), 
which is protein in nature and insoluble m such solutions, is depos- 
ited 9 This phenomenon may be utilized as an indication of the 
presence or absence of acid-protemase m a neutral or faintly acid 
mixture containing casein 

A 4 per cent solution of "neutral” potassium caseinate, neutral to litmus, 
was prepared by dissolving 4 grams of casein in 20 cc of -nr KOH which had 
been previously diluted to 100 cc This solution was filtered and obtained 
perfectly clear and free from any cloudiness or other indication of suspended 
matter Ten cubic centimeter samples of this solution were placed in 
tightly-stoppered test-tubes and warmed to 35°C after the addition of two 
drops of toluol to each of them 

Fifty milligrams of oocytin were dissolved in 5 cc of tf HC1 and this 
solution was accurately neutralized by the addition of 5 cc of KOH 
After warming this solution to 35°C it was added to one of the 10 cc samples 
of casein solution and the mixture was set aside at 35 °C 

Fifty milligrams of Grubler's pepsin punss sicc were dissolved in 10 
cc of distilled water and, after warming to 35°C , this solution was added 
to another of the 10 cc samples of casein solution, and this mixture was also 
set aside at 35°C 

After the lapse of a week the two mixtures presented a marked contrast 
The mixture containing pepsin was milky and turbid and had deposited a 
bulky precipitate of paranuclein The mixture containing oocytin was per- 
fectly clear and had deposited no precipitate 

We may conclude, therefore, that in comparison with Grubler’s 
pepsin, oocytin exerts no demonstrable proteolytic action m neutral 
or faintly acid solutions, it is not an acid-proteinase 

* Cf Lubavin Hoppe-Seyler’s Med Chetn Unlcrsuch , Berlin, 1866, p 
463, A Kossel Verhandl d berl physiol Gesellsch , Arch / (Anal « ) 
Physiol, 1891, p 181, T BrailsTord Robertson this Journal, m P 95, 
1907, v, p 493,1909 


T Brailsford Robertson 167 

Comparison with lipase 

\ 1 per cent solution of Kahlbaum’s trincetin was prepared and dmded 
into two portions of 100 cc each which were wanned to 32°C To the one 
portion was then added a mixture of 5 ec of HC1 plus 5 ce of & KOH and 
to the other a solution of oocytin prepared by dissolving SO mg of oocytin 
m 5 cc of xj HC1 and neutralizing with 5 cc of ru KOH The mixtures thus 
prepared were returned to the incubator at 32°C 

After four hours one drop of 2 per cent alcoholic phenolphthalem was 
added to a 10 cc sample of each mixture, and these samples, after dilution 
w ith w atcr, w ere titrated against KOH One drop of the ts KOH turned 
each sample red, consequently no appreciable splitting of the tnacetin had 
occurred m four hours 

To each of the mixtures were now added three drops of toluol and the} 
were returned to the incubator After twenty-four hours 10 cc samples 
were again tested in the manner described above and with a like result 

A 10 cc sample of cither mixture, after the tnacetin had been completely 
saponified by successive additions of xx KOH and boiling, neutralized 12 5 
cc of KOH 

We maj therefore conclude that oocytin does not hydroly ze 
tnacetin m neutral solutions 

An impure lipase-powder was prepared from ripe castor ( Ricvnus ) beans 
in the following manner The shells were removed by hand without the use 
of water The seeds were than macerated and extracted with alcohol for 
a day, drained and then washed with ether and dried by spreading out the 
powder in a thin layer m a warm room 10 

Two cubic centimeters of Kahlbaum’s triolein were delivered into each 
of four 200 cc Erlenmeyer flasks labelled, respectively, A, B, C and D 

To A were added 100 cc of distilled water 

To B were added 100 cc of w ater containing SO mg of oocytin dissolved 
m 1 cc of HC1, this solution having been neutralized by the addition of 
1 cc of x?' KOH 

To C were added 200 mg of lipase-powder nibbed up in 100 cc of water 
containing 1 cc of x? HCI + 1 w KOH 

To D were added 200 mg of lipase-powder rubbed up in 100 cc of water 
containing 50 mg of oocytin dissolved in 1 cc of xsr HCI and neutralized 
by the addition of 1 cc of -nr KOH 

The flasks were then tightly stoppered and shaken rapidly in a shaking 
machine which was placed m a room heated to 32 C and maintained at a 
constant temperature After ten minutes' shaking 10 cc samples of each 
mixture were taken, 50 cc of absolute alcohol w r ere added to each sample, 
and they were titrated against phenolphthalem with KaOH m alcoholic 

10 Cf A E Taylor On Fermentation, Untv Calif Publ Pathol , i,p 25S, 
1907 
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solution 11 This procedure was repeated from time to time with the results 
shown in the following table 


Cubic centimeters of NaOH required to neutralize 10 cc of the digestion 

mixture 



A 

B 

C 

1 D 

After 10 minutes 

0 3 

0 3 

0 4 

0 4 

After 24 hours 

0 35 

0 35 

0 65 

0 6 

After 48 hours 

0 5 

0 4 

2 0 

1 19 


It is evident that the hydrolysis due to the Ricmus lipase took 
place more rapidly m the second twenty-four hours than in the 
first, a phenomenon which has been observed by Hoyer 12 and 
attributed by him to the setting free of auto-catalysors during the 
progress of the hydrolysis 

It is further evident, firstly that oocytm does not accelerate the 
hydrolysis of triolein m neutral solution, and secondly that it does 
not aid the hydrolysis of triolein by Ricmus lipase From these 
experiments and from the experiments detailed above, m which 
triacetin was employed as substrate, we may conclude that m all 
probability oocytm is not a lipase, nor does it act as a co-ferment for 
Ricmus lipase 

Comparison with cmulsin 

A 1 per cent solution of amygdahn (Merck, H P ), v as divided into two 
portions of 100 cc each To the one portion I added 5 cc of re HC1 and 5 
cc of -re KOH which had been previously mixed, to the other 50 mg of 
oocytm dissolved in 5 cc of -re HCl and neutralized by the addition of 5 cc 
of re KOH To 10 cc samples of each of these mixtures were then added 
10 cc each of Fehling’s solution 1 and 2 prepared according to the formula 
of Bertrand , 1S they were then boiled for three minutes No precipitate or 
cloud was produced, consequently the mixtures were free from glucose 

The mixtures were then placed in an incubator at 32°C and tested from 
time to time with Fehling’s solution After twenty-four hours these tests 
failed to indicate the presence within the mixtures of even a trace of glucose 
In a like period at 32° I have found that 50 mg of Merck’s emulsin will bring 
complete hydrolysis of the amygdalin m 100 cc of a 1 per cent solution with 
the liberation of nearly 60 mg of glucose per 10 cc 


11 Cf H C Bradley this Journal, vm, p 251, 1910 
15 E Hoyer Zeilschr f physiol Chem , 1, p 414, 1907 
n Betrand Bull soc chim , xxxv, p 1285, 1906 
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Wc may therefore conclude that oocyhn does not accelerate the 
hydrolysis of fi-glncomdcs 14 

Comparison with peroxidase 

To ft few cubic centimeters of a 0 05 per cent solution of oocytin (in 
KC1, prepared by dissolving the oocytin in -nr HC1 and neutralizing 
with -nr KOH) I added a drop of tincture of guaincum No coloration was 
observed I then added several drops of hydrogen peroxide solution (3 
per cent) , still no coloration was observed One drop of defibnnated 
ox-blood diluted to several cubic centimeters and treated with hydrogen 
peroxide and guaiacum m the proportions indicated yielded a deep blue col- 
oration at once 

We may conclude, therefore, that oocyhn is not a peroxidase 

So far as the above observations go, therefore, although far from 
complete, it wall be seen that they afford no support for the view 
that the membrane-formmg and cytolyzmg action of oocytin is 
attributable to enzymatic activity Having regard to the fact 
that the chemical agents (haemolytic agents) which are known to 
cause membrane-formation are m no case enzymes, we may, I 
think, conclude that the membrane-forming agent which may be 
isolated from mammalian blood-serum by the method outlined 
above is not an enzyme This being the case, the name odeytase, 
which I originally suggested should be applied to this substance, 
becomes inappropriate, since the termination ase connotes an 
enzyme 1 now propose that the membrane-formmg agent in 
blood-sera be termed odcytin 

3 THE NON-ENZYMATIC CHARACTER OF THE FERTILIZING AGENT 
IN SPERMATOZOA 

In a previous communication 15 1 have shown that a membrane- 
formmg agent can be extracted from spermatozoa which resembles 
oocytin m bemg thermostable, precipitable by salts of the alkaline 
earths and by acetone, and soluble m dilute acids So far as our 
knowledge extends at present the membrane-formmg agent in 
echmoderm spermatozoa is indistinguishable from the membrane- 
formmg agent m mammalian blood-sera, and I have therefore 

14 Cf E Frankland Armstrong The Simple Carbohydrates and the Gtuco- 
sides, Loudon, 1910 , p 55 

15 T Brailsford Robeitson this Journal, xn, p 1, 1912 
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advanced the hypothesis that they are identical If this be so 
then it would appear probable that the membrane-forming agent 
in spermatozoa is not an enzmye 
I have been able to confirm this deduction experimentally in the 
following manner It has been shown by Loeb 16 that the fertiliza- 
tion-membrane is formed by the dissolution of a lipoid emulsion 
at the surface of the egg, followed by the osmotic imbibition of 
water It has further been observed by v KnafR-Lenz and by 
Loeb that if sea-urchin eggs m which membrane-formation has 
occurred be placed m sea-water to which blood-serum, white of 
egg or tannic acid has been added, the membrane collapses Loeb 
interprets this to mean that the membrane is impermeable to col- 
loids The membrane can be shown to be permeable for salts, 17 
accordingly the presence of the colloid m the outer sea-water 
creates an osmotic tension which results in the withdrawal of fluids 
from the membrane and its subsequent collapse 

I have amplified these experiments 18 and have shown that it is 
possible to delay or even altogether inhibit the membrane-forming 
action of a variety of agents (butyric acid, blood-serum, sperm, 
saponin) by the addition of proteins (such as ovomucoid, casein, 
serum proteins or gelatin) to the outer medium bathing the eggs 
I have furthermore shown that the order of effectiveness of various 
proteins m inhibiting membrane-formation is the reverse order of 
their ability to pass through a porcelain filter, thus confirming the 
views of Loeb, cited above, regarding the mode of formation of the 
fertilization-membrane 

I have found that the concentration of a given protein which is 
required to inhibit membrane-formation m sea-urchin eggs varies 
m a very definite manner with the potency or concentration of the 
membrane-formmg agent This fact is very strikingly illustrated 
by the influence of proteins upon membrane-formation by saponin 
Thus one part of saponin m 1333 of sea-water causes the formation 
of perfect spherical membranes m 100 per cent of jmrpuratus eggs 
within six minutes The addition of 2 per cent of ovomucoid to 
the sea-water markedly delays membrane-formation, nevertheless 
within fourteen minutes 100 per cent of perfect spherical membranes 

II J Loeb loc cit , p 125 
17 J Loeb loc cil , p 127 

T Brailsford Robertson Umv Calif Pub Physiol , iv, p 79, 1912 
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are formed One part of saponm m 64,000 of sea-water causes 
the formation of perfect spherical membranes in 100 per cent of 
eggs within thirty-five minutes, but m the presence of 2 per cent 
ovomucoid only 10 per cent are produced m an hour 
The power of a given concentration of protein in the external 
medium to inhibit membrane-formation is thus seen to depend 
upon the quantity of the membrane-forming agent which has pene- 
trated the cell If a sufficient quantity of the membrane-forming 
agent enters the cell, then the processes underlying membrane- 
formation will proceed until a sufficient quantity of water-attract- 
ing substance has been set free within the cell to overcome the 
osmotic tension of a given quantity of protein in the external 
medium, but if an insufficient quantity of the membrane-forming 
agent has entered the cell, the processes underlying membrane-for- 
mation may cease before this point is reached 
Now purpuratus eggs which have been “sensitized” by four 
minutes’ immersion in 3 r SrClj will usually form perfect spherical 
fertilization-membranes when immersed m undiluted isotonic ox- 
serum 19 But purpuratus spermatozoa are unable to cause mem- 
brane-formation m eggs immersed in such serum Moreover if 
eggs are previously fertilized by sperm and then immersed m such 
serum, their membranes collapse, as already stated, and this col- 
lapse of the membranes occurs even if the eggs are transferred 
to the serum over half an hour after fertilization 
From these facts it would appear, first, that the “charge” of 
membrane-forming material which a purpuratus egg gams from the 
entry of a single sperm is not so great as that which it can accumu- 
late, after sensitization, when immersed in a potent undiluted 
serum, and secondly that the membrane-forming agent in sperma- 
tozoa is not an enzyme, for if it were and its membrane-forming 
action were due to its enzymatic activity, then m the course of 
time the amount of change (or of water-attracting material) pro- 
duced by a small “charge” of the membrane-forming agent should 
be the same as that produced by a larger “ charge, ” just as the 
amount of digestion brought about by 1 mg of trypsm is ultimately 
the same, or nearly the same, as that which is brought about by 2 
mg of trypsin, although it takes place at one-half the velocity 


19 Prepared by adding 10 cc of NaCi to 65 co of ox-serum 
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In other words, were the membrane-forming action of spermatozoa 
due to the action of an enzyme, then m the course of time, if not 
immediately the membrane appears, the amount of water-attract- 
ing material set free m the egg should be sufficient to overcome the 
osmotic resistance offered by any concentration of protein which 
will permit membrane-formation at all 
It appears rather probable, therefore, that the membrane-form- 
ing agent in echinoderm spermatozoa, like that m mammalian 
blood-sera, is not an enzyme 

4 PROPERTIES OF OOCYTIN 

The following properties of oocytm have been determined or 
confirmed since the appearance of my original communication and 
may be briefly referred to here pending more extended and de- 
tailed investigation 

The substance, when pure, is perfectly white and yields, uhen 
dissolved m dilute acids, colorless, markedly opalescent solutions 
which, upon neutralization, become even more opalescent From 
its general behavior the substance would appear to be a colloid 
I have been unable to coagulate it by heating 
In response to various color-tests it yields the following results 
Millon’s test an atypical very faint reddish color which disap- 
pears with prolonged boiling 
Xanthoproteic test negative 
Biuret test negative 

Acree’s formaldehyde test very faintly but unmistakably positive 
From these results it w ould appear that oocytm is not a protein, 
the faint positive reaction obtained with Acree’s test bemg prob- 
ably due to slight contamination with adherent protein 
Mohsch’s test is also negative 
Pettenhofcr’s test is negative 

No precipitate or increase in opalescence is produc m a 0 2 
per cent solution of oocytin by two-thirds saturation v" h ammo- 
nium sulphate 

On mixing 3 cc of a solution of oocytm containing 50 mg with 
100 cc of a 1 per cent solution of amygdahn a very pronounced 
cloud is produced in the solution, which, however, does not settle 
out 
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Oocytm, even m mmute concentrations (1 part in 2000), exerts 
a very interesting action upon mixtures of triolein and water If 
2 cc of triolein’’ 0 be shaken violently with 100 cc of distilled water 
for from twenty-four to forty-eight hours a milky emulsion is 
formed, having a very thin layer of oil floating upon the top If 
the distilled water contains 1 part in 2000 of oocytm, however, 
no such emulsion is formed, and discrete drops of oil float to the 
tpp immediately the shaking is discontinued, leaving the sub- 
natant fluid clear and transparent It is perhaps not without sig- 
nificance, m view of the membrane-forming potency of the fatty 
acids, that T s® acetic acid has a similar action Our knowl- 
edge of the mechanics of emulsion-formation is, at present, how- 
ever, too incomplete to permit a safe interpretation of these facts 

5 CONCLUSIONS 

1 Oocytm, the membrane-forming agent m mammalian blood- 
sera (formerly termed oocytase), is neither an alkah-protemase, 
an acid-protemase, a lipase nor a peroxidase It does not accelerate 
the hydrolysis of /3-glucosides It does not act as a co-ferment 
for Ricmus lipase 

2 It is inferred that oocytm is probably not an enzyme 

3 The membrane-forming agent m Slrongylocenlrolus purpura- 
lus spermatozoa is also probably not an enzyme 

4 Oocytm is not a protein 


10 Vide the experiments epumerated under Comparison vfilh Lipase, part 
2 of this article 
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TWELFTH PAPER 

Bt TREAT B JOHNSON and CHARLES A BRATJTLECHT 
(From the Sheffield Laboratory of Yale University ) 

(Received for publication June 4, 1912 ) 

In a preliminary paper 2 from this laboratory, entitled “Sulphur 
m Proteins,” the writer wrote as follows " If now sulphur proteins 
be viewed as oxygen proteins m which bivalent sulphur has par- 
tially displaced oxygen, one therefore might expect to find two 
types of sulphur hnkmgs m sulphur proteins corresponding to the 
two important primary oxygen groupings, viz mercapto, — SH, 
and thioamide, — CSNH — In fact, cysteme represents a sulphur 
compound of the first type, in which such a displacement has 
taken place in the case of hydroxyl oxygen m serine Thiotyrosme 
HS C 6 H4CH2CH(NH 2 )COOH has notyet been synthesized ” Itis 
now gratifying to write that our expectation has been realized by 
other workers , 3 since the publication of our paper, and that it has 
been shown that the thioamide group, —CSNH—, actually func- 
tionates m the synthesis of proteins 
No evidence has yet been produced, so far as the writer is aware, 
which indicates that an aromatic mercapto grouping, — CASH, is 
present m sulphur proteins If, however, such a linking is to be 
considered the most probable cleavage product to look for would be 
the sulphur analogue of tyrosme, viz thiotyrosme Whether this 
ammo-acid will ever be discovered among the products of hydroly- 
sis or not, nevertheless it cannot be excluded from consideration 
until all of the sulphur m proteins can be accounted for Our 

1 The work described in this paper formed part of a thesis presented by 
Mr Charles Andrew Brautlecht to the Graduate School of Yale University 
for the degree of Doctor of Philosophy (T B J ) 

* Johnson and Burnham this Journal, lx, p 331, 1911 
’ Barger and Ewin Journ of Chem Soc (London), 1911, p 2336 
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NH— CO NH, COOH 

I i 

CO > CO > NH CHjCOOH + NHj + CO, 

I I 

NH— CH, NH— CH, 

XI XII XIII 

NH— CO NH, COOH 

I I 

HN C >HN C > CHjNH CH.COOH + 2NH, + CO, 

I I 

Cn,N CH, CH,N CH, 

XIV XV XVI 

It has also been known for many years that certain organic 
compounds containing the peptide grouping, — NHCH2CO — , are 
capable of condensmg with aldehydes , 10 but it was not until 
recently, however, that it was shown that the methylene group in 
hydantoin is likewise reactive towards aldehydes and that this 
cycle condenses smoothly with these reagents forming stable con- 
densation products This observation was made m this laboratory 11 
These condensation products have proved valuable for synthetical 
purposes because it is possible to reduce them to substituted hydan- 
toms, which can then be hydrolyzed to ammo-acids In order to 
obtain thiotyrosine, we employed this new method and synthe- 
sized first the hydantoin and phenylhydantoin of this amino- 
acid 

In order to obtain the hydantoin of thiotyrosine we prepared 
first the hitherto unknown hydantoin of para-ammophenyl- 
alanine This was accomplished as follows Benzalhydantoin 
(XVII) was prepared by condensation of hydantoin (XI) with 
benzaldehyde 12 and converted into benzylhydantom (XVIII) by 
reduction with sodium amalgam or hydriodic acid This hydan- 
toin was then subjected to nitration with cold fuming nitric acid 

10 Plochl Ber d dcutsch chem Gesellsch , wi, p 2815, Plochl and Wolfram 
ibid , xvm, p 1183, Hoffman ibid , xix, p 2554, Erlenmeyer Ann d Chem 
(Liebig), cclxxi, p 137, cclxxv, p 1, Erlenmeyer and (Bade, Mattes, Stadlin 
and Wittenberg) ibid , ccexxxvn, pp 205, 222, 265, 271, 283 and 294, Bcr d 
dcutsch chem Gesellsch , xxv, p 3445, Erlenmeyer and Frustuck Ann d 
Cnem (Liebig), cclwxiv, p 36, cccvn, p 73 
11 Amer Chem Journ , xlv, p 368, 1911 
1! Wheeler and Hoffman Amer Chem Journ , xlv, p 368 
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when the corresponding paramtrobenzylhydantom (XXI) was 
formed smoothly The nitrohydnntom was then converted into 
the corresponding pnra-ammobenzylhydantom (XX) by reduc- 
tion with hydriodic acid The constitution of this ammobenzyl- 
hydantom and also that of the corresponding nitro compound 
(XXI) was established by the fact that the same para-ammo- 
benzylhydantom (XX) was formed by reduction of para-mtro- 
benzalhydantoin 13 (XIX) with hydriodic acid These various 
transformations are represented by the following structural for- 
mulas 


NH— CO 

NH— CO 

1 

NH— CO 
| 

CO > 

1 

CO 1 

1 

► CO 

NH— CH, 

XI 

1 

NH— C CHC«Hj 

XVII 

NH — CHCHjCeHs 
XVIII 

1 

NH— CO 

1 

NH— CO 

1 

NH— CO 

I 

1 

CO > 

1 

1 

CO 4 

1 

CO 

j 

1 

NH— C CRC.HiNO* 
XIX 

j 

NH — CHCH 2 C 6 H,NHs 

XX 

NH— CHCH,C,H < NO. 
XXI 


Thiotyrosme hydantora (XXV) was prepared from para-amino- 
benzylhydantom (XX) m the following manner This hydantoin 
was first diazotized m the customary manner and the resulting 
dtazonium salt (XXII) then combined with potassium xantho- 
genate, in aqueous solution, when the corresponding diazomum- 
xanthogenate (XXIII) was formed The yield was nearly quanti- 
tative This salt, however, is unstable and when allowed to stand 
at ordinary temperature or when warmed m water it undergoes 
decomposition with evolution of the diazo nitrogen and the xan- 
thogemc ester (XXIV) is formed This ester was obtained m 
a crystalline condition and could be purified by crystallization 
from alcohol In order to obtain the hydantoin of thiotyrosme 
this xanthogenate was digested with water when it underwent 

51 Wheeler and Hoffman loc cit 


THE JOURNAL OF BIOIOHICAL CHEMISTRY VOL XII, NO 2 



i8o 


Synthesis of Thiotyrosine 


hydrolysis and a quantitative yield of the hydantom (XXV) was 
obtained These changes are represented by the following for- 
mulas 

NH— CO 

I 

CO * 

I 

NH — CHCH 2 C 6 H 4 NH 2 
XX 

NH— CO 

I 

CO > 

I 

NH— CHCH 2 C 6 H,N ; SCSOC2H5 
XXIII 

NH— CO 

I 

CO 

I 

NH— CHCHjCeEhSH 
XXV 

The corresponding 1-phenyl derivative of thiotyrosinehydantom 
(XXXII) was synthesized as follows l-Phenyl-2-thio-4-paramtro- 
benzalhydantoin u (XXVII) was first converted into its ethylmer- 
capto denvative (XXVIII) by alkylation with ethyl bromide and 
this compound then digested with hydrochloric acid when the 
hydantom (XXIX) was formed with evolution of ethylmercaptan 
This compound v> as then reduced with hydnodic acid and red phos- 
phorus when a quantitative yield of l-phenyl-4-para-ammobenzyl- 
hydantora (XXX) was obtained This ammohydantom was then 
converted into the diazomum compound and the latter, by the 
action of potassium \anthogenate, transformed into the diazoxan- 
thogenate (XXXI) The latter (XXXI) gave on hydrolysis the 
phenylhydantom of thiotyrosine (XXXII) The various trans- 
formations in this synthesis are represented by the following 
formulas 


NH— CO 

I 

CO > 

I 

NH— CHCH 2 C 6 Hifl NCI 
XXII 

NH— CO 

I 

CO 1 

I 

NH— CHCH 2 C 6 H«S CSOCjHs 
XXIV 


14 Wheeler and Brautlecht Amer Chem Journ , x lv, p 446 
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c 6 h 5 n — co 

I 

cs 

I 

NH— -CHj 
XXVI 

C 6 HsN- CO 

CO 


CcHsN CO 

I 

— * CS 


C 6 H 6 N— CO 

I 

-» C 2 H 6 SC 


NH— C CHCaH-NOo 
XXVII 


N— C CHCcHiNOz 
XXVIII 


C e HjN CO 

I 

-> CO 


NH— C CHCeHjNOj 
XXIX 


NH— CHCH 2 C 6 H 4 NH 2 
XXX 


CfiHjN CO 

CO > 

I 

NH — CHCHjCeHiNsSCSOCjHs 
XXXI 


C 6 H 6 N CO 

I 

CO 

NH— CHCHjCeHiSH 
XXXII 


The hydantom (XXV) and phenylhydantoin (XXXII) of 
thiotyrosme are stable substances and apparently are not oxi- 
dized by the air to their corresponding disulphides They are 
both decomposed by heating with a strong, aqueous solution of 
barium hydroxide with evolution of ammonia and aniline and for- 
mation of thiotyrosme (XXX3V) This amino-acid, however, is 
less stable than its corresponding hydantom derivatives and under- 
goes an immediate oxidation m this alkaline solution forming the 
corresponding disulphide (XXXIII) The latter compound is a 
well crystallized substance and is very insoluble m water It is 
converted quantitatively into thiotyrosme (XXXIV) by reduction 
with tm and hydrochloric acid The properties of these two new 
ammo-acids and several of their salts are given m the experimental 
part of this paper 


C,HjN CO 

I 

CO 

I 

NH— CHCH C,H 4 SH 
XXXII 


NH— C 

I 

CO 

I 

NH — CHCHjC s H 4 SH 
XXV 
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NH, NH. 

I I 

HOOCCH CH CeH < SiC«H < CH CHCOOH ^ HSC e H,CH 2 CH(NH,)COOH 
XXXIII XXXIV 

NH, NH, 

I I 

HOOCCH CH.S,CH CHCOOH HSCH,CH(NH,)COOH 
(Cystine) (Cysteine) 

The following shows the different steps by which the synthesis of 
thiotyrosine from hydantom has been effected 

Hydantom 


\ 

Bcnzalhy dantoin Nitrobenzalhydantoin 

i 

Benzylhydantom 

i. 

Nitrobenzylhy dantoin 

\ 

\ / 

Aminobenzyihydantoin 

i 

Diazobenzylhydantoin ethy Ixanthogenate 

J. 

ParaethyKanthogena(e-4-benzyIhydantoin 

l 

Thiotyrosinehydantoin 

i 

Disulphide of Thiotyrosine 

i 

Thiotyrosine 


EXPERIMENTAL PART 

l-Phenyl-2-thio-Jf-j)araniirobenzalhydaniom 

C e B*N CO 

I 

CS 

I 

NH— C CHC t H,NO, 
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This hydantom 15 was prepared by condensation of mtroben- 
zaldehyde with phenylthiohydantom The latter was prepared 
by the action of phenyhsothiocyanate on ethyl amino-acetate 16 
The phenylthiohydantom was condensed with a molecular pro- 
portion of mtrobenzaldehyde by digestion for about one hour m 15 
parts of glacial acetic acid m the presence of 2 parts of anhydrous 
sodium acetate The acid mixture was then poured into a large 
volume of cold water when most of the condensation product 
separated This was separated by filtration and the filtrate evap- 
orated to dryness toTemove acetic acid The sodium acetate was 
then dissolved with water when the remainder of the condensation 
product was obtained After washing the crude hydantom with 
cold alcohol and ether it was then purified by recrystalhzation 
from boiling glacial acetic acid It separated on cooling mthe 
form of yellow prisms, which melted at 278° to 279° The yield 
was nearly quantitative The hydantom is extremely insoluble 
in the common organic solvents and dissolves in sodium hydroxide 
solution forming a characteristic sodium salt, which is difficultly 
soluble m water The hydantom is precipitated unaltered by 
addition of acids to aqueous solutions of its sodium salt 


Analysis (Kjeldahl) 
N 


Calculated for 

CjeHuOjNiS Found 

12 92 12 90 


l-Pkenyl~2-etkylmercapto-4-paramtrobenzalhydanioin 

CjHjN — CO 
I 

C,H 6 SC 

N— C CHC,H,NO, 

Paramtrobenzalhydantom was first converted into its sodium 
salt by warming with an alcoholic solution of sodium ethylate, 
containing one molecular proportion of sodium Somewhat more 
than one molecular proportion of ethylbromide was then added and 
the mixture heated on the steam bath until the reaction was com- 

16 Wheeler and Brautlecht loc cit 

18 Marcknald, Neumark and Stelzner Ber d deutsch chem Gesellsch , 
mv, p 3278 
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according to the rate of heatmg It was dried for analysis in a 
desiccator over concentrated sulphuric acid 

Calculated for 

Analysis (Kjeldahl) C»HnOiN> hno> Found 

N 16 28 1C 05 

4-Paramlrobenzalhydanioin 

NH— CO 

I 

CO 

I 

NH— C CHC a H«NOj 

This compound has been described in a previous paper from this 
laboratory and was prepared by condensation of hydantom with 
paranitrobenzaldehyde 17 We prepared it according to this method 
and purified it by crystallization from glacial acetic acid It 
melts at 254 ° 

Calculated for 

Analysis (Kjeldahl) c.»h,o.n> Found 

N 18 03 17 91 

4-Para-ammobenzylhydaniom 

NH — CO 

I 

CO 

I 

NH— CHCH,CeH,NH, 

This hydantom was obtained m the form of its hydrochloric 
acid salt by reduction of the preceding mtro compound with tin 
and hydrochloric acid The solvent used was 95 per cent alcohol 
After the reduction was complete the solution was then evaporated 
to dryness to remove the alcohol and hydrochloric acid The 
double tin salt was then dissolved in water, the tin precipitated as 
the sulphide and the solution then evaporated again when the 
hydrochloride of the hydantom was obtained This salt is ex- 
tremely soluble in water and was purified by crystallization 

17 Wheeler and Hoffman loc cit 
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from alcohol, which was saturated with hydrochloric acid gas, or 
from dilute hydrochloric acid It separated m prisms, which 
melted with decomposition at 255° to 257° The yield was excel- 
lent It was dried for analysis in a desiccator over sulphuric 
acid 


Analysis 

N 

Cl 


Calculated for 

CtoHuOiNi HC! 

Found 


1 

it 

IU 

17 39 17 34 

14 70 

17 44 

14 58 


This same hydrochloride can also be obtained by digesting the 
hydriodide (see below) m aqueous solution with silver chloride 
In order to obtain the hydantom the hydrochloride was dissolved 
m water and an equivalent quantity of sodium hydroxide added to 
the solution The hydantom separated at once in the form of 
prisms and was purified for analysis by crystallization from 95 
per cent alcohol It melted at 145° 

Calculated for 

An ALIMS (Kjeldahl) C..H..O.N. Found 

N 20 49 20 57 


Hydnodide of j^-Para-aminobenzylhydanUnn, CioHuChNj HI 
This salt is formed quantitatively by reduction of paramtrobenzyl- 
hydantoin with hydnodic acid and phosphorus After removing 
the red phosphorus by filtration and the excess of hydnodic acid 
by evaporation the crystalline hydriodide was obtained It was 
purified by crystallization from 95 per cent alcohol and separated, 
on cooling, m needles which decomposed at 220° It was dried 
for analysis in a desiccator over sulphuric acid 



Calculated for 

CioHuOiNj HI 

Found 


Analysis 

1 

11 

in 

N 

12 61 2 39 



I 

38 14 

37 77 

37 99 


The Formation of Tyrosmehydantom from 4- Para-aminobenzyl - 

hydantom 

One gram of the above para-amino derivative was diazotized 
in the usual manner, and the corresponding diazonium salt then 
decomposed by heating on the steam bath Nitrogen was evolved 
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and a crystalline substance was obtained, which was identified as 
tyrosinehydantoin The yield was 0 8 gram and it melted at 
258° When mixed with some pure tyrosmehydantom, prepared 
from amsalhydantoin by reduction with hydnodic acid, this melt- 
ing pomt was not altered 


Analtsis (Kjeldahl) 
N 


Calculated for 
CijHmOiNj 


13 59 


Found 

i n 

13 32 13 46 


4-Par amir obcnzylh.yda.nlom 

NH— CO 

I 

CO 

I 

NH — CHCH-CeHiNOj 

The hydantom of phenjdalamne, which was used m this experi- 
ment, was prepared by reduction of benzalhydantom 18 with sodium 
amalgam The mtro group was introduced by nitration at 0° 
with nitnc acid of specific gravity 1 52 For one part of the hydan- 
tom we used 3 parts of the nitnc acid After nitration, the acid 
solution was then poured mto water when the mtro compound 
separated The yield was generally about 85 per cent of the the- 
oretical The hydantom was purified by crystallization from 
boiling acetic acid and separated on coobng as pale-yellow prisms, 
which melted at 238° to 240° with decomposition The compound 
is soluble in hot alcohol, difficultly soluble m acetone and insoluble 
m ether 


Analysis (Kjeldahl) 


X 


Calculated for 
CisHiOiNi 


17 87 


17 87 


Found 

n 

17 81 


17 58 


Reduction of J/.-Paramtrobenzylhydanloin to 4.-Para-aminobenzyl- 

hydanlmn 

This amm o hydantom was obtained in the form of its hydro- 
chloride by reduction of this mtro compound, m alcohol, with tin 
and hydrochloric acid It was separated from tin in the usual 


15 Wheeler and Hoffman lor, cit 
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manner and obtained m the form of prisms, which melted at 255° 
with decomposition A mixture of this salt and the hydrochloride 
obtained by reduction of mtrobenzalhydantom (above) melted 
at the same temperature 

Calculated for 

Analysis c*«HuO*Ni hci Fo\ind 

N 17 39 17 36 

Cl 14 70 14 61 

4-Paradiazobcnzylhydantoin Ethylxanthogenate 

NH— CO 

1 

CO 

I 

NH— CHCH s C,H 4 N N SCSOCjHt 

The hydrochloride of 4-ammobenzylhydantom was dissolved 
m dilute hydrochloric acid containing exactly one molecular 
proportion of hydrochloric acid and then diazotized at 0° to 5° by 
addition of the required amount of sodium nitrite An excess of 
potassium xanthogenate was then dissolved m water and the 
solution added slowly to the diazonium solution The diazo- 
xanthogenate separated at once as a voluminous yellow precipi- 
tate and was separated by suction filtration and washed with cold 
water This compound is extremely unstable and gradually loses 
its nitrogen, being converted into the ethylxanthogenate of ben- 
zylhydantom described below No definite decomposition point 
could be assigned to this compound After drying m a desiccator 
over sulphuric acid for one day it decomposed at about 80°, on the 
second day at 115° and after drying one week the decomposition 
point was 140° to 150° 

Paraethylxanthogenate-4-benzylhydantom 
. NH— CO 

I 

CO 

NH— CHCH s C 5 H 4 SCSOC 2 H„ 

This compound was formed when the preceding diazonium com- 
pound was allowed to stand at ordinary temperature or when 
quickly heated at 90° It was obtained as a brown powder, which 
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melted, without purification, at 150° with effervescence It was 
purified for analysis by crystallization from methyl alcohol and 
separated m plates, which melted at about 170° with effervescence 


Analysis (Kjeldahl) 
N 


Calculated for 

CuHhOjNjSi Found 

i it 

9 03 9 06 9 01 


Thiolyrosinehydantom 
NH — CO 

I 

CO 

I 

NH— CHCH CtHiSH 


This compound is formed by saponification of the above xan- 
thogenate This is accomplished not only by treatment with 
alkali but also by digestion with water In fact it is not necessary 
to isolate the xanthogenate for the preparation of the hydantom 
but to heat the diazomum compound in its own reaction fluid 
Nitrogen is evolved, the xanthogenate is decomposed and thio- 
tyrosinehydantoin is formed smoothly in one operation The 
hydantom is difficultly soluble in water or hydrochlonc acid and 
separates, on cooling, in needles It was purified for analysis by 
crystallization from 95 per cent alcohol and melted at 248° to 249° 


Analysis (Kjeldahl) 
N 


Calculated for 
C10H10O N S 

i 

12 61 12 55 


Found 

n in 

12 31 12 58 


Molecular weight determination by the ebulhscopic method 

1 0 2427 gram substance m 15 0 grams glacial acetic acid raised boding 
point 0 23° 

2 0 3636 gram substance in 15 0 grams glacial acetic acid raised boiling 
point 0 3° 

Calculated for 

CioHtoOiNiS Found 

i n 

M W 222 178 . 204 


Disulphide of Thiotyrosme 
CH S CeH 4 S S C»H 4 CH, 

I ! 

CHNHj CHNHi 


COOH 


COOH 
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Three grams of thiotyrosmchydantom were digested with 50 
grams of barium hydro\ide m 100 cc of water for twenty hours 
Barium carbonate was formed and .ammonia Tins evolved The 
barium was precipitated as sulphate by addition of a slight excess 
of sulphuric acid and the clear solution concentrated to a small 
volume On cooling, the sulphate of this disulphide separated 
It was purified by recrystallwation from dilute sulphuric acid and 
separated m minute, colorless prisms arranged in burrs In order 
to obtain the free amino-acid the sulphate v as digested with water, 
when the salt underwent dissociation and the disulphide separated 
This compound is extremely insoluble in w ater and melts at 278° 
with decomposition It does not give Millon’s test for tyrosine 
Directions for Preparing this Disulphide directly from the 
Hydrochloride of J+-Para-aminobenzylhydantmn Forty grams of 
the ammobenzylhydantoin hydrochloride are carefully diazotized 
and the required amount of potassium xanthogenate added 
to the solution as described above The yellow diazonium 
compound is then separated by filtration on a Buchner funnel, 
washed well with cold water and then transferred with water to a 
large Kjeldahl flask The mixture is then warmed carefully to 
expel the nitrogen and finally boiled for thirty hours with 5 parts 
of barium hydroxide dissolved in hot water In this manner the 
bydantoin ring is completely hydrolyzed, the xanthogenate is 
decomposed and the disulphide of thiotvrosme is formed The 
barium carbonate is then filtered off, washed with water and the 
filtrate combined with sufficient dilute sulphuric acid to precipitate 
the excess of barium and combine with the disulphide of thio- 
tyrosme to form the sulphate This acid filtrate is then concen- 
trated on the steam bath until the sulphate begins to separate from 
the hot solution and then cooled Most of the sulphate deposits 
here and is separated by filtration In order to obtain the pure 
ammo-acid this salt is then dissociated by’ warming with water 
More of the acid is obtained by cautiously adding ammonia to the 
sulphuric acid filtrate until the solution is distinctly alkaline and 
finally acidifying with acetic acid The solution is then evaporated 
to dryness and the ammo-acid separated from inorganic and 
organic salts by trituration wuth cold water The yield of the 
ammo-acid is about 90 per cent of the theoretical It can be 
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purified by recrystallization from hot water It is, however, 
extremely insoluble m this solvent 

Carbon and hydrogen determinations 0 1611 gram substance gave 0 3244 
gram COj and 0 0780 gram HjO 

Sulphur determination (Canus) 0 1038 gram substance gave 0 1250 gram 
BaSOi Nitrogen determinations (Kjeldahl) 


c 

Calculated for 
CuHjoOiNiSi 

55 10 

z 

54 92 

Found 
ir nr 

IV 

r 

H 

5 10 

5 37 




N 

7 14 


7 09 7 14 

7 15 


S 

16 33 




16 49 


The Properties of the Disulphide of Thiotyrosine This com- 
pound does not give the reaction of Adamkiewicz, Millon’s test 
nor the biuret reaction It likewise gives no blue color with 
feme chlonde solution Its behavior towards concentrated sul- 
phuric acid is, however, very charactenstic When the ammo-acid 
or any of its salts is dissolved m this reagent and the solution is 
heated a beautiful purple color is produced This color is de- 
stroyed by dilution of the acid solution with water In fact this 
color test for thiotyrosine is as delicate and charactenstic for 
thiotyrosine as the Millon’s test is characteristic for tyrosine 
Furthermore the charactenstic test for each acid is not inhibited 
by the presence of the other acid This observation is of impor- 
tance because it is thus possible to test tyrosine for the presence of 
small traces of thiotyrosine If found as a cleavage product of 
proteins it would probably accompany tyrosine because of its 
insolubility m water The acid melts with decomposition at 
about 278° depending on the mode of heating It is practically 
insoluble m all the common organic solvents except acetic acid It 
is difficultly soluble m boiling water and separates, on cooling, m 
corpuscular crystals resembling m crystalline form that of isobar- 
bitunc acid It combines with picnc acid, hydrochlorplatimc acid, 
mercury chlonde and phosphotungstic acid f orming insoluble salts 
No one of these, however, were charactenstic and therefore were 
not examined The acid dissolves in cold aqueous ammonia, 
sodium hydroxide and sodium carbonate solutions 

Sulphate of the Disulphide of Thiotyrosine, C18H20O4N2S2 H2SO4 
This salt crystallizes from dilute sulphunc acid m tufts of micro- 
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scopic crystals It undergoes dissociation when dissolved in water 
and the ammo-acid separates It was dried for analysis m a 
vacuum desiccator over sulphuric acid and calcium chloride 

Calculated for 

An ALIBIS (Ivjcldalll) CiiHioOiNiSi HiSOi Found 

N 5 72 5 85 


Hydrochloride, CiaHioChNeSj 2HC1 This salt crystallizes from 
hydrochloric acid in burrs of minute needles and decomposes at 
278° This salt likewise undergoes dissociation when dissolved 
m water It was dried for analysis in a desiccator over potassium 
hydroxide 

.... Calculated for 

Analysis CuHkO.NjS- 2HC1 Found 

I It 

Cl 15 27 15 28 15 04 

Dibenzoyl Derivative of the Disulphide of Thiotyrosme, 

CHj C«H< S S C«H. CH, 

I I 

CH COOH CHCOOH 

I I 

NHCOCsHs NHCOCeHj 

Sixty-three hundredths of a gram of anhydrous sodium carbon- 
ate was dissolved in 15 cc of water and 1 gram of the disulphide 
suspended m the solution Two molecular proportions of benzoyl- 
chlonde were then added and the mixture shaken until the odor of 
benzoylchlonde entirely disappeared The benzoyl compound 
was formed and separated as a colorless, crystalline solid After 
filtering, washing with dilute hydrochloric acid and finally with 
water, the compound was then dried at 100° The crude product 
was then digested with petroleum ether to remove benzoic acid 
and dried at 100° The yield was 1 5 grams The acid crystal- 
lizes from glacial acetic acid m prisms or clusters of needles and 
decomposes at about 200° with effervescence A mixture of this 
compound and the disulphide of thiotyrosme melted at 179 
When digested with hydrochloric acid the benzoyl compound is 
decomposed and the disulphide of thiotyrosme, melting at 278 , 
is formed 
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Analisis (Kjeldahl) 


N 


Calculated for 
CnHjiOiNjSa 

4 59 


Found 

I n 

4 70 4 66 


Hydantom of Thiotyrosme Disulphide, 


NH— CO 

I 

CO 


CO— NH 
CO 


NH— CHCH 2 C e H 4 S 2 C e H 4 CH 2 CH— NH 


This compound was formed by the action of potassium cyanate 
on the hydrochloride of thiotyrosme disulphide It could not 
be obtained m a crystalline condition and decomposed at about 
278° 

Calculated for 

Analysis (Kjeldahl) C«H„O.N.$ 2 Found 

N 12 6 12 44 


Thiotyrosme 


HS C«H 4 CH 2 CH (NH 2 ) COOH 


This acid is formed by reduction of its disulphide with tin and 
hydrochloric acid m alcoholic solution After the reduction was 
complete, the tin and excess of hydrochloric acid were removed m 
the customary way and the acid solution of the ammo-acid con- 
centrated and cooled The hydrochloride of thiotyrosme separated 
The yield v as good and in one experiment we obtained 5 7 grams of 
the salt from 5 grams of the disulphide This salt crystallized 
from 20 per cent hydrochloric acid in tufts of colorless, pointed 
prisms, which melted at 249° with effervescence It was dried 
for analysis m a desiccator over potassium hydroxide 


ANALYSIS 

Cl 


Calculated for 

C.HnOiNS HCi Found 

I « 

15 20 15 17 15 28 


In order to obtain thiotyrosme this hydrochloric acid salt "was 
dissolved in a small volume of water and ammonia cautiously added 
to combine with the hydrochloric acid Thiotyrosme separated 
as an amorphous, colorless solid It was separated as usual, 
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quickly washed with water and dried m a desiccator over sulphuric 
acid or calcium chloride It melted without further purification 
at about 250° to a yellow oil with effervescence This melting 
varies according to the mode of heating 


Analysis Carbon and hydrogen determinations 0 1308 gram substance 
gave 0 2631 gram COj and 0 0674 gram HjO 
Sulphur determination (Canus) 0 1134 gram substance gave 0 1314 gram 
BaSO, 

Nitrogen determination (Kjcldahl) 


C 

H 

S 

N 


Calculated for 
C.HtiOjNS 

54 82 
5 58 
16 24 
7 11 


54 59 
5 73 


Found 

u n: 


15 87 

7 04 


Properties of Thiolyrosine Thiotyrosme is practically insoluble 
m methyl or ethyl alcohol, petroleum ether, acetone, benzene and 
carbon bisulphide It dissolves in hot water and glacial acetic 
acid It cannot, however, be purified by recrystalhzation from 
water because of its instability It slowly undergoes oxidation 
under these conditions and, on cooling the solution, the disulphide 
or a mixture of the disulphide and thiotyrosme deposits The 
acid melts at 249° to 250° with decomposition while the disulphide 
melts at 279° It does not pve Millon’s test for tyrosine, and 
reacts with sulphuric acid giving the same purple color as is 
formed by action of this acid on its disulphide Attempts to 
prepare a characteristic benzoyl derivative were unsuccessful 
The Preparation of Thiotyrosme from l-Phenyl~J r para-amino- 
benzylhydantmn Seven grams of l-phenyl-4-para-ammobenzyl- 
hydantom were dissolved m dilute hydrochloric acid and con- 
verted into its diazomum salt by addition of the required 
amount of sodium nitrite An excess of potassium xanthogenate 
was then dissolved in water and this solution added slowly to the 
cold diazomum solution The xanthogenate (XXXI) separated at 

C,H t N CO 

I 

CO 

NH — CHCH C«H,N NSCSOCjHs 
XXXI 
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once as a bulkly, yellow solid This was then separated by filtra- 
tion, washed with water and finally suspended m 200 cc of water 
in a Kjeldahl flask On warming this mixture nitrogen was evolved 
and the corresponding xanthogenate (XXXIII) iormed This 

C«HeN — CO 

i 

CO 

I 

NH — CHCHjCsHiSCSOCjHs 
XXXIII 


compound was not isolated, but 75 grams of crystallized barium 
hydroxide were then added and the mixture boiled on a sand 
bath, with reflux condenser, for thirty hours Barium carbonate 
was formed and aniline and volatile sulphur compounds vere 
evolved The amlme was expelled by distillation with steam, the 
banum carbonate filtered off and the excess of barium precipitated 
from the filtrate by addition of an excess of dilute sulphuric acid 
On concentrating this acid solution and cooling the sulphate of the 
disulphide of thiotyrosme separated The disulphide was obtained 
m the manner described above by dissociation of this salt with 
water It crystallized from hot water m tufts of minute crystals 
which melted at 278° When mixed with some disulphide, pre- 
pared from tyrosine hydantom, this meltmg point was not altered 
The acid also gave the characteristic purple color when warmed 
with concentrated sulphuric acid The yield was 65 per cent of 
the theoretical Two grams of this disulphide were reduced to 
thiotyrosme by means of tin and hydrochloric acid After 
removal of the tm the acid was then obtained m the form of its 
hydrochloric acid salt, which melted at 248° with effervescence 
It was dried for analysis in the air 


Calculated for 
C1H11O1NS HC 1 


Found 

15 04 


Analysis 

Cl 


15 20 



A MODIFICATION OF RITTER’S METHOD FOR THE 
QUANTITATIVE ESTIMATION OF CHOLESTEROL 

BY HARRY T CORPER 

( From the Otho S A Sprague Memorial Institute and the Pathological Labora- 
tory of the University of Chicago ) 

(Received for publication, June 7, 1912 ) 


As was pointed out in previous papers 1 the quantitative deter- 
mination of total cholesterol in small amounts by the Ritter method 
was found to be inadequate, not only by myself but also by other 
authors - The source of inaccuracy of the method was found to 
he in the fact that an excess of sodium alcoholate prevents a quan- 
titative extraction of cholesterol If this source of error were elim- 
inated it was hoped that we might have a method at our disposal 
which could be used for the quantitative estimation of cholesterol, 
as, from a chemical standpoint, Ritter's method seemed best 
adapted for avoiding the troublesome interference occasioned by 
the formation of soaps m shaking out the cholesterol by means of 
ether Another point of importance in the quantitative deter- 
mination of cholesterol was the fact that in the saponification we 
must be assured that sufficient sodium alcoholate has been used to 
completely saponify all the fats and the cholesterol-esters In the 
original Ritter method we are restricted m the use of the saponify- 
ing agent, as, when this is used even in slight excess, a considerable 
loss of cholesterol may result The aim of this paper, then, is to 
point out a way to surmount these difficulties and determine choles- 
terol gravimetncally within milligrams 

The gravimetric methods recommended for the determination 
of cholesterol are numerous but have been worked out mainly for 
determining large amounts, and m many cases have not been suifa- 


1 Corper this Journal, xi, p 37, 1912, xi, p 27, 1912 , , 

’ Corper Journ of Exp Med,**, P 429 , 1912, Baldwin this Journal, 
iv, p 213, 1908, Waldemar Koch (personal interview) was unsuccessful; 
the use of Bitter’s method on brain tissues 
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ciently well controlled to rule out all possibilities of error Only 
such literature will be cited as has a direct bearing upon the work 
given in. this paper 

GCrard and Verhaeghe 3 saponified the fats by means of alcoholic potash, 
passed carbon dioxide into this mixture, evaporated the saponified mixture 
to dryness in the presence of sand and extracted this mixture with anhydrous 
ether The ethereal extract was then fused with benzoic anhydride and 
cholesterol determined as cholesterol benzoate All the figures are given 
on *he basis of 100 grams, moist weight, so that it is impossible to saj how 
accurate this method is Gdrard 4 * * examined 70 9 liters of urine for choles- 
terol by evaporating it to dryness after mixing with sand, extracting the 
dried mixture in a Soxhlet by means of anhydrous ether, the ethereal extract 
dissolved in alcohol saponified by means of potash, carbon dioxide then 
passed into this, the potassium carbonate filtered off, the filtrate evapor- 
ated to dryness and extracted by means of ether This extract weighed 

0 544 gram and contained 0 011 gram of impure cholesterol 

Whore only small amounts of material are to be examined for 
cholesterol, not sufficient for a gravimetric analysis, the colori- 
metric methods may be of service Two of these have been recom- 
mended, one on the basis of the Salkowski reaction and the other 
using the Liebermann reaction 

Weston, 8 in a thorough piece of work with pure cholesterol, found that the 
Salkowski reaction was serviceable for the quantitative determination of 
small amounts of pure Cholesterol, the best colors for comparison being 
obtained between 0 1 mgm and 0 25 mgm 

Gngaut* used the Liebermann reaction for the quantitative determination 
of cholesterol after extracting and saponifying He says the reaction is 
best between 0 1 and 3 0 mgm The method 7 is not serviceable when iso- 
cholesterol, etc , are present In a second 8 modified method the author 
puts 2 cc of serum, or 0 1 to 1 0 gram of fresh ground tissue, and 20 cc of 

1 per cent soda in 50 per cent alcohol into a 90 cc flask This is placed in a 
water bath for fifteen to twenty minutes, cooled and extracted with ether, 
the ether extract is evaporated and dissolved in chloroform for the test 
By this means Gngaut says he obtains figures comparable to gravunetnc 
figures 


3 GCrard and Verhaeghe Journ de pharm el de chxm , 111 , sene 7, p 385, 
1911 

4 Gfcraid Compl rend soc biol , lxx, sene 22, p 998, 1911 

‘Weston Journ of Med Res , xxvi, p 47, 1912 

8 Gngaut Compl rend soc biol , lxvui, sene 16, p 791, 1910 

7 /bid , lxvui, sene 17, p 827, 1910 

8 Ibid , lxxi, sene 33, p 513 1911 
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EXPERIMENTAL PART 

Ritter 9 adds 100 cc of alcohol to 50 grams of fat, brings the mix- 
ture to a boil on a water bath and then adds to this 1 60 cc of sodium 
alcoholate described by Kossel and Kruger 10 The alcohol is 
then evaporated off on the water bath, salt is added m amount 
equivalent to about one and a half times the weight of fat taken 
(to prevent the extraction of soaps by ether) and enough water so 
that the residue goes into solution This is then dried on the water 
bath with constant stirring, and then at 80°C in a drying oven 
It is pulverized, put into a sulphuric acid desiccator for a short 
time, then into an extraction thimble and is extracted in a Soxhlet 
apparatus with ordinary ether for nine hours The ether extract 
is shaken out with water to remove glycerin, then dried, dissolved 
m hot alcohol, precipitated by means of water, the precipitate 
dried at 100° to 120°C , and weighed 

Since, as shown in my previous paper, an excess of sodium alco- 
holate prevents thorough extraction of cholesterol from the salt 
mixture, and an excess is absolutely essential to guarantee com- 
plete saponification, it was found necessary to remove sodium 
alcoholate from the field of action and at the same time not to 
introduce a factor or a chemical which would liberate the fatty 
acids from soaps Fatty acids being ether-soluble our results 
would otherwise never be quantitative This difficulty was over- 
come by using carbon dioxide in order to form sodium hydrogen 
carbonate, which is weakly alkaline and cannot liberate the fatty 
acids from the soaps, whether it would likewise prevent a quantita- 
tive extraction of cholesterol from the salt mixture had to be deter- 
mined For this purpose pure cholesterol was used and the entire 
process carried through as follows 

Duplicate samples of cholesterol, 0 100 gram, were dissolved in 10 cc of 
absolute alcohol by heatmg on the water bath After complete solution 
40 cc of 5 per cent sodium alcoholate were added and the mixture further 
heated for about fifteen to twenty minutes, cooled, allowed to stand over 
night (this was all done in a large beaker, 500 cc or 1 liter, Jena glass), then 
about 100 cc of water added and through this w as passed a slow stream of 
carbon dioxide gas from a Kipp generator for from three to five hours The 


• Ritter Zeilschr f physiol Chem , x\\iv, p 461, 1903 
10 Kossel and Kruger 1 bid , xv, p 321, 1S91 



200 


Estimation of Cholesterol 

mixture was then wanned and poured into an evaporating dish and 20 to 30 
grams of table salt added, the entire mixture evaporated to dryness on the 
water bath with stirring and, when dry, quantitatively transferred to a 
Soxhlet thimble, to be further dried at!00°C m a drying oven for an hour or 
two and then cooled in a desiccator This mixture was extracted for seven 
to nine hours in a Soxhlet apparatus with ether (anhydrous), the ether 
extract (diluted to 100 to 300 cc ) shaken out -with three changes of distilled 
water (200 to 500 cc ), the combined water again shaken out with about 50 
to 100 cc of ether and this ether further washed with two more changes of 
water The combined ethers were evaporated to dryness m a large beaker 
and then, when of small volume, transferred to a small weighed beaker, 
dried at 100°C and weighed Recovered Experiment 1A, 0 10-1 gram, 
Experiment IB, 0 101 gram 

Two other samples were analyzed, using 0 100 gram of pure cholesterol 
through which carbon dioxide had been passed for only about two and a half 
hours Recovered Experiment 1C, 0 095 gram, Experiment ID, 0 093 
gram 

As a result of the above experiments we can say that carbon diox- 
ide passed into the saponified mixture will successfully remove 
the sodium alcoholate so that it will not interfere with the quanti- 
tative extraction of cholesterol from the soap-sodium chloride 
mixture m the Soxhlet apparatus In order to assure the removal 
of all the sodium alcoholate, however, the carbon dioxide should 
be passed into the mixture for at least three hours, preferably for 
five hours 

To determine whether cholesterol could be recovered quanti- 
tatively from large amounts of fat, the following experiments were 
carried out 

Experiment 2A 0 100 gram of pure cholesterol was mixed with S cc 
of olive oil, the mixture dissolved in 20 cc of absolute alcohol and saponified 
with 50 cc of 5 per cent sodium alcoholate, allowed to stand over night, car- 
bon dioxide added to saturation, etc , as above Recovered 0 147 gram of 
cholesterol 

Experiment 2B Duplicate of Experiment 2A, \v ith the exception that 
5 cc of olive oil were used Recovered 0 129 gram of cholesterol 

Unfortunately the olive oil used contained cholesterol but if we consider 
the amount used the results are quantitative, as in the first case, from 8 
cc of olive oil, 47 mgm of cholesterol were recovered, and from 5 cc , 29 
mgm , which is about five-eighths of 47 mgm 

From these experiments we can conclude that by this method 
cholesterol may be recovered quantitatively even from fatty mix- 
tures poor m cholesterol 
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Determinations on different tissues were made, using human 
liver and dog’s spleen 

Analysis of human liver for cholcslcrol 11 

Experiment 3 3 77 grams of the fatty extract of human liver (tissue 

extracted in a Wilej apparatus by means of hot alcohol and hot ether), 
divided into two equal parts after solution m hot absolute alcohol, was 
analjzcd for cholesterol by the above method, using 10 cc of sodium 
alcoholate for saponification Recovered A, 0 103 gram, B, 0 100 gram of 
cholesterol 

Experiment 4 2 3S grams of fatty extract from human liver, divided 

into two equal parts, was analyzed, using for saponification 40 cc of sodium 
alcoholate Recovered A, 0 0SS gram, B, 0 089 gram of cholesterol 
Experiment 5 In order to see whether there was any marked difference 
m duplicates when using on one (A) 10 cc of sodium alcoholate and on the 
other (B) 40 cc of sodium alcoholate, 1 57 grams of the alcohol-ether 
extracts of human liver were divided into equal parts and analyzed Recov- 
ered A, 0 0GG gram, B, 0 0G9 gram of cholesterol 
The thorough agreement in these results can further be seen when they 
are tabulated to show the percentage of cholesterol m the three different 
livers, Experiments 3, 4 and 5, on the basis of these analyses The figures 
express percentages of drj weight of liver tissue 


Experiment 3 


Experiment 4 


Experiment 5 

1 95 

A 

1 93 

A 

1 90 

1 90 

B 

1 93 

B 

1 9G 


As a result of these analyses we can conclude that the above 
method is applicable to the quantitative determination of choles- 
terol in the fats of the liver and that an excess of sodium alcoho- 
late may be used to insure complete saponification, as the passage 
of carbon dioxide prevents the detrimental action of sodium alcohol- 
ate later m the process and does not affect the yield 

Analysis of dog spleen for cholesterol 

Experiment 6 70 grams of dog spleen, moist weight, were thoroughly 

ground up and extracted with hot alcohol and ether in a Greene extraction 
apparatus, 12 and the total fats, 2 98 grams, dissolved in 250 cc of hot abso- 


11 The fats for these analyses (Experiments 3, 4 and 5) were obtained from 
Mr E, R Long, to whom I am indebted for their use m connection with this 
work The description of these livers and complete chemical analyses will 
be published by him at a later period 

12 Greene this Journal, vn, p 503, 1910 
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lute alcohol Two 100 cc portions of this (A and B) were taken for gravi- 
metric analyses for cholesterol and 50 cc for the determination of choles- 
terol by Weston's method 15 

A This sample of fat was saponified by means of 10 cc of 5 per cent so- 
dium alcoholate and the resultant ether extract from the Soxhlet apparatus 
was cloudy and yellow On shaking out the ether with water there was 
found to be present a large amount of soap which frothed and also prevented 
a rapid separation of the ether water layers The yield was also higher than 
in the following experiment, a fact which may be accounted for by the diffi- 
culty in thorough separation Recovered 0 177 gram of cholesterol 

B Duplicate of A but saponified by means of 40 cc of 5 per cent sodium 
alcoholate The ether-water separation was rapid and perfect, absolutely 
no frothing, and even the shaking water was clear, as was also the super- 
natant ether layer Recovered 0 162 gram of cholesterol 

The product recovered from the above tissues (liver and spleen) 
was of a pale yellow color and was composed of typical crystals 
which gave the ordinary cholesterol reactions 

As a result of the experiments on the spleen we can say that an 
excess of sodium alcoholate, when using this method, is rather an 
advantage since it prevents the possibility of incomplete saponi- 
fication and soaps are less liable to be extracted by the ether 
Numerous other gravimetric analyses for cholesterol have been 
carried out by this method, but mainly on cholesterol-rich mate- 
rials, and the method has proved satisfactory m these cases also 
On the basis of this work the following method is recommended 
for the quantitative gravimetric determination of total choles- 
terol (cholesterol-like compounds) m tissues 

The sample of tissue, about 30 grams or more, is thoroughly 
extracted by means of hot absolute alcohol, then with ether, the 
extract is then evaporated to dryness, taken up m about 200 cc 
of hot absolute alcohol, divided into two equal parts for duplicates, 
evaporated to 10 to 20 cc , saponified by means of an excess of 5 
per cent sodium alcoholate (20 to 30 cc should be enough for the 
fats from 15 grams of moist tissue) and kept on the water bath 
for about fifteen to twenty minutes or until saponification is com- 
plete, and then kept at room temperature over night This may 
all be carried out m a large Jena glass beaker of about 500 cc 
capacity About 100 cc of distilled water is added and a moder- 
ate stream of carbon dioxide passed into this mixture long enough 


u Weston loc ci( 
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to insure complete saturation (three to five hours) The mixture 
is vanned and poured into a large evaporating dish and 20 to 30 
grams of ordinary table salt added and the entire mixture evapor- 
ated to dryness on the water bath, with occasional stirring (stirring 
is only necessary toward the end of the drying process to prevent 
too much lumping which interferes with thorough drying and 
satisfactory pulverizing) The dried residue is now pulverized 
m a mortar and put into an extraction thimble and dried further 
for an hour or two at 100°C m a drying oven, at the end of which 
time it is allowed to cool in a desiccator When cool it is ex- 
tracted m a Soxhlet apparatus by means of anhydrous ether (dis- 
tilled over sodium) for from seven to rune hours At the end of 
this time the ether extract is transferred to a large separatory 
funnel, 500 cc or 1 liter capacity, diluted to about 100 cc with 
ordinary ether (CP) and shaken out with three changes of dis- 
tilled water (200 to 500 cc ) , this total watery extract to be again 
shaken out with another portion of ordinary ether (CP), about 
100 cc , and the ether washed with two changes of distilled water 
The total ether extracts, which contain the cholesterol and choles- 
terol-like substances of the tissue, are now evaporated to dryness, 
first by placing under an electric bulb (16 CP) and finally dried 
for an hour or two at 100°C , cooled m a desiccator and weighed 

Colonmelnc comparisons 

Weston’s description of his colorimetric method applies only to 
pure cholesterol, it was therefore thought desirable to make a few 
tests with the available material from tissue extracts to see 
whether the colorimetric method would agree with the gravimetric 
method For this purpose the remaining 50 cc of the above spleen 
fats (Experiment 6) were divided into two 25 cc portions, one por- 
tion evaporated to dryness and dissolved in chloroform and the other 
saponified by means of 2 cc of 5 per cent sodium alcoholate, treated 
with carbon dioxide, evaporated to dryness, extracted with chloro- 
form, filtered and diluted to a known volume These chloroform 
solutions were then compared with standards made with pure 
cholesterol as directed by Weston The 0 1 mgm standard solutions 
agreed m color with the 0 2 cc of a 1 100 dilution of the fats from 
the spleen This represents a total of 0 5 gram m the entire 250 
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cc of absolute alcohol solution, as compared to about 0 4 gram 
obtained by the gravimetric method The saponified and unsapon- 
ified fats agreed exactly id color 

Colorimetric analyses were also made upon the fats of the human 
livers used in Experiments 3, 4 and 5, with the following results 
The 0 15 mgm cholesterol standard agreed m color with 0 1 cc 
of a 1 100 dilution m chloroform of the fats of Experiment 3A, 
making a total of 150 mgm of cholesterol colonmetncally as com- 
pared to 103 mgm found gravimetncally 
The 0 15 mgm cholesterol standard agreed in colorwith 0 05 cc 
of a 1 100 dilution in chloroform of the fats of Experiment 4 A, 
making a total of 300 mgm of cholesterol colonmetncally as com- 
pared to 88 mgm found gravimetncally The 0 1 mgm choles- 
terol standard agreed m color with 0 05 cc of a 1 75 dilution in 
chloroform of the fats of Experiment 5A, making a total of 150 
mgm of cholesterol colonmetncally as compared to 66 mgm 
found gravimetncally 

These colonmetnc analyses of the fats of the spleen and liver 
do not correspond at all with the figures obtained by the gravi- 
metnc method 


SUMMARY 

1 The error occasioned in the determination of cholesterol by 
the Ritter method by the use of an excess of sodium alcoholate in 
saponifying the fats, as reported in a previous paper, 14 has been 
successfully overcome by neutralizing the sodium alcoholate by 
means of carbon dioxide gas 

2 As a result of this a method is recommended for determining 
total cholesterol and cholesterol-like substances m tissues, which 
is accurate within milligrams, as determined by analysis of pure 
cholesterol, cholesterol m olive oil, cholesterol from the fats of the 
liver and from the fats of the spleen 


14 Corper this Journal, xi, p 37,1912 
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Phenyhlanme, C G H 6 CH 2 CH(NH 2 )COOH, has been synthesized 
by several different methods Arranged chronologically, they 
are as follows 

Method 1 By the action of ammonia on the nitrile of a- 
hydroxy-/S-phenylpropiomc acid and then hydrolysis of the result- 
ing ammo-mtnle 1 

Method 2 By reduction of the oxime of phenylpyruvic acid 2 

Method 3 Benzaldehyde is condensed with hippunc acid 
when the lactirmde of benzoylaminocmnamic acid is formed 
This is then hydrolyzed and reduced to the benzoyl derivative of 
phenylalanine and the latter converted by hydrolysis into the 
ammo-acid 3 

Method 4 By heating cinnamic acid or its esters with hydrox- 
ylamine 4 

Method 5 The benzyl group is introduced into diethyl phthali- 
midomalonate, by alkylation, and the resulting phthalimido deriva- 
tive then converted into the ammo-acid by hydrolysis 6 

'Erlenmeyer and Lipp Ann d Chem (Liebig), ccix, p 194, Ber d 
deutsch chem Gesellsch , xv, p 1006 

2 Erlenmeyer Ann d Chem (Liebig), cclxxi, p 169, Knoop and Hoessli 
Ber d deutsch chem Gesellsch , xxxix, p 1477 

* Plochl Ber d deutsch chem Gesellsch , \vi, p 2815, xvn, p 1623, 
Erlenmeyer Ann d Chem (Liebig), cclxxv, pp 3, 18 

* Posner Ber d deutsch chem Gesellsch , xxxvi, p 4312 

5 Sorensen Zeitschr f physiol Chem , xhv, p 448 
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Method 6 From brombenzylmalomc acid This is converted 
mto the monobasic acid by heating and the latter then heated 
with ammonia 6 

Method 7 From benzalhydantom, which is obtained by con- 
densation of benzaldehyde with hydantom This hydantom is 
then converted mto the hydantom of phenylalanine, by reduction, 
and the ammo-acid then obtained by hydrolysis with barium 
hydroxide 7 

The various changes mvolved m these seven different methods 
of synthesis are represented by the formulas given on the follow- 
ing page 

Of these different methods of preparation, method 7 is undoubt- 
edly the most practical when hydantom is available It requires 
only three operations ( two if hydriodic acid is used as a reducing 
agent), and the yield of ammo-acid is excellent The only draw- 
back is the cost of the hydantom While the preparation of 
this reagent is not difficult, nevertheless its synthesis involves 
the preparation of glycocoll or its ethyl ester and also the use of 
potassium cyanate, which is an unstable salt and oftentimes is 
not available m large quantity because of its cost In this paper 
we shall describe a method for the synthesis of phenylalanine, 
which does not require the use of hydantom and hydriodic acid 
We use potassium thiocyanate, instead of potassium cyanate 8 , 
and tin and hydrochloric acid as the reducmg agent 

In a previous paper from this laboratory, 9 it has been shown 
that 2-thio-3-benzoylhydantom (II) is formed smoothly by the 
action of potassium thiocyanate on hippuric acid (I) We now 
find that this hydantom condenses with benzaldehyde forming 
practically a quantitative yield of the corresponding benzalhy- 
dantom (III) When this acyl hydantom (III) is warmed with 
hydrochloric acid the benzoyl group is removed and the same 
benzalthiohydantom (VI) is formed as is obtained by condensing 
benzaldehyde with 2-thiohydantom 10 (VII) The isomeric 1- 

• Fischer Ber d deulsch chem Gesellsch , x\xvn, p 3064 

7 Wheeler and Hoffman Amer Chem, Journ xlv, p 368 

* Potassium cyanate is about nine times as expensive as potassium thio- 
cyanate (Kahlbaum’s quotations) 

8 Johnson and Nicolet Journ Amer Chem Soc , xxxm, p 1973 

10 Wheeler, Nicolet and Johnson Amer Chem T ourn , xlvi, p 456, John- 
son and Nicolet, loc cit 
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benzoyl-2-thio-4-benzalhydantom has also been prepared 11 The 
thiohydantoin (YI) is desulphurized by digestion with chloracetic 
acid, in aqueous solution, giving the corresponding hydantom 
(V) and is also transformed quantitatively, by reduction with 
sodium amalgam, into the thiohydantoin of phenylalanine (IX) 
This thiohydantoin (IX) is likewise easily desulphurized by means 
of chloracetic acid, and, by hydrolysis with boiling barium hydrox- 
ide solution, is transformed quantitatively into phenylalanine 
(X) Using sodium amalgam as the reducing agent, this synthesis 
therefore requires five operations as follows 

( 1 ) ( 2 ) 

Hippunc acid > 3-benzoyI-2-thiohydantom > 3-benzoyl-2-thio- 

( 3 ) ( 4 ) 

4-benzalhydantoin 4 2-thio-4-benzalhydantom > 2-thio-4-ben- 

( 5 ) 

zylbydantoin > phenylalanine 

We have now made the interesting observation that it is not 
necessary to isolate 3-benzoyl-2-thio-4-benzalhydantoin (III) 
or 2-thio-4-benzylhydantom (IX) The condensation product 
(III) is at once converted into benzalthiohydantom (VI) and 
the latter is then reduced with tin and hydrochloric acid In 
this maimer the double bond is not only reduced smoothly, but 
the hydantom ring is also destroyed and phenylalanine is formed 
quantitatively in one operation Therefore by using tin and 
hydrochloric acid as the reducing agent our synthesis requires 
only three operations and potassium thiocyanate can be used in 
place of potassium cyanate The starting point m our new 
synthesis and m Erlenmeyer’s (method 3) is hippunc acid, but 
the latter condenses the acid directly wnth the aldehyde, while 
we first transform the acid into the thiohydantoin (II) and then 
apply an aldehyde condensation Erlenmeyer’s synthesis involves 
four operations while ours requires only three as follows 


Hippunc acid > 

( 3 ) 

tom > phenylalanine 


benzoylthiohydantoin - 


• benzalthiohydan- 


Erlenmeyer’s Synthesis 

(l) , ( J ) 

Hippunc acid > lactimide of benzoylammocinnamic acid * 

\ 3 ) «) . 

benzoylammocinnamic acid » benzoylphenylalanine > phenjl- 

alanine 

11 Wheeler, Johnson and Nicolet loc cit 



Treat B Johnson and William B O’Brien 209 

If hippuric acid is not available glycocoll can be converted 
smoothly into 2-thiohydantoin by the action of potassium thio- 
cyanate 12 and the benznltlnoli 3 r dantoin prepared by condensation 
1 vi tli benzaldeliyde These various transformations are repre- 
sented by the following structural formulas 

CjHiCONH CH, COOH 
/ I 




NH— CO 

i 

cs 

C t H*CO N CH, 

II 


NH— CO 

I 

CO 

I 

NH— CH, 
IV 


NH— CO 

I 

CO 


NH— C CHC.H, 
/ V 

/ 


NH— CO 

I 

CO 

! 

NH— CHCH,C«H S 

vm k 


NH— CO 

1 

CS 

I 

CtHsCON C CHC e Hs 

, III 


/ 
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NH— CO 

I 

CS 


NH— C CHCtHs 
VI i 

I 

NH— CO 


NH— CO 

I 

CS 

I 

NH— CH, 
VII 


CS 

I 

NH— CHCH C 6 H 5 
SIX 

A 

V 


CtH t CH CH(N Hj) COOH 
X 


We shall continue our investigations on thiohydantoms 


EXPERIMENTAL PART 

The 3-benzoyl-2-thiohydantoin used m this work was made, 
accordmg to the directions of Johnson and Nicolet, by the action 
of potassium thiocyanate on hippuric acid 13 

15 Johnson and Nicolet loc cit 
11 Loc ext 
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benzoyl-2-thio-4-benzalhydantom has also been prepared 11 The 
thiokydantoin (VI) is desulphurized by digestion with ehloracetic 
acid, in aqueous solution, giving the corresponding hydantom 
(V) and is also transformed quantitatively, by reduction with 
sodium amalgam, into the thiohydantom of phenylalanine (IX) 
This thiohydantom (IX) is likewise easily desulphurized by means 
of ehloracetic acid, and, by hydrolysis with boiling barium hydrox- 
ide solution, is transformed quantitatively into phenylalanine 
(X) Using sodium amalgam as the reducing agent, this synthesis 
therefore requires five operations as follows 

Hippunc acid - - - ■■ > 3-benzoyl-2-thiohydantom — - — » 3-benzoyl-2-thio- 

4-benzalhydantoin — > 2-thio-4-benzalhydantoin * 2-thio-4-ben- 

(5) 

zylhydantom > phenylalanine 

We have now made the interesting observation that it is not 
necessary to isolate 3-benzoyl-2-thio-4-benzalhydantoin (III) 
or 2-thio-4-benzylhydantom (IX) The condensation product 
(III) is at once converted into benzalthiohydantom (VI) and 
the latter is then reduced with tm and hydrochloric acid In 
this manner the double bond is not only reduced smoothly, but 
the hydantom ring is also destroyed and phenylalanine is formed 
quantitatively m one operation Therefore by using tin and 
hydrochloric acid as the reducing agent our synthesis requires 
only three operations and potassium thiocyanate can be used in 
place of potassium cyanate The starting point m our new 
synthesis and in Erlenmeyer’s (method 3) is hippunc acid, but 
the latter condenses the acid directly with the aldehyde, w r hile 
we first transform the acid into the thiohydantom (II) and then 
apply an aldehyde condensation Erlenmeyer’s synthesis involves 
four operations while ours requires only three as follows 

Hippunc acid > benzoylthiohj dantoin * benzalthiohydan- 

toin * phenylalanine 


Erlenmeyer’s Synthesis 

(l) (-) 

Hippunc acid > lactimide of benzoylammocinnamic acid — 

v 3) M) , i 

benzoylammocinnamic acid ♦ benzoylphenylalanme * phenyl- 

alanine 


11 Wheeler, Johnson and Nicolet loc cit 
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Desulphurization of 2-Thio-4-benzalhydantom 

This hydantom was converted quantitatively into 4-benzal- 
hydantora 16 by digestion with a 20 per cent aqueous solution of 
chloracetic acid Tbe hydantom crystallized from alcohol m 
needles v Inch melted at 220° 

2-Thio-S-acelyl-4~benzylhydantoin 

NH— CO 

! 

CS 

I 

CHiCO N CH CH CtHs 

Two grams of phenylalanine and 1 5 grams of anhydrous potas- 
sium thiocyanate were dissolved m a mixture of 8 cc of acetic 
anhydride and 1 cc of glacial acetic acid and the solution warmed 
on the steam bath for thirty minutes A yellow solution was 
obtained, which was diluted with about five volumes of water 
This hydantom separated as an oil, which soon crystallized in the 
form of plates It was purified by crystallization from alcohol 
and melted at 257° The yield was quantitative 

Analysis (Kjeldahl) 

Calculated for 

CuHijOjNjS Found 

N 11 47 11 35 


2-Thio-4-benzylhydantoin 

NH— CO 

I 

CS 

i 

NH — CHCHjCcHt 

This hydantom was obtained by hydrolysis of the preceding 
acetyl thiohydantoin with hydrochloric acid It was purified by 
crystalhzation from dilute alcohol and separated in needles, which 
melted at 185° 


lf Wheeler and Hoffman Amer Chem Journ , xlv, p 371 

the journal or biological chemibtrt tol xn no 2 



212 


Synthesis o£ Phenylalanine 


Analysis (ICjeldahl) 

Calculated for Found 
CicHioONiS I II 

N 13 59 13 52 13 40 

This same hydantom is also formed smoothly by reduction of 
2-thio-4-benzalhydantoin with sodium amalgam 

Desulphurization of 2-Thio-J r benzylhydantoin 

This hydantom was converted quantitatively into the hydantom 
of phenylalanine by digesting this for one hour with a 25 per cent 
solution of chloracetic acid It crystallized from water in prisms, 
which melted at 190° to a clear oil 

The Formation of Phenylalanine by Reduction of 2-Thio-/ r benzal- 
hydantoin with Tin and Hydrochloric acid 

Eight and five-tenths grams of 2-thio-4-benzalhydantom and 
10 grams of tin were suspended m dilute alcohol and hydrochloric 
acid gas passed into the alcohol (warm) until all the tin and hydan- 
tom dissolved After allowing to stand for from eight to ten 
hours the clear solution was then evaporated to dryness and the 
residue dissolved m water The tin wasremoved completely by pre- 
cipitation as sulphide and the filtrate agam concentrated to a 
small volume and the hydrochloric acid neutralized by addition 
of ammonia Pure, colorless phenylalanine separated and melted 
at 260-262° The yield was nearly quantitative 

Analysis (Kjeldahl) 

Calculated for 

CiHuOiN Found 

N 8 50 8 80 

S-Thio-4-anisalhydantom 

NH— CO 

I 

cs 

1 

NH— C CHCjH^CH, 

Six and five-tenths grams of 3-benzoyl-2-thiohvdantom, H 

grams of anhydrous sodium acetate and 4 grams of anisic aldehyde 
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were dissohed m 22 cc of glacial acetic acid and the solution 
heated m an oil bath at 150° for tno hours The condensation 
product separated on cooling After trituration with an excess 
of water the crude hydantom w as separated by filtration This 
uas dissolved m alkali and the warm solution acidified with 
hydrochloric acid when the above hydantom separated It was 
purified by crystallization from 50 per cent alcohol and melted 
at 257° to a black oil with decomposition 

An ala sis (Ivjcldnhl) 

Calculated for 

CuHtoO N S Found 

N 11 91 12 0 

3-Thio-Jf-pipcTonalhydanloin 

NH—CO 

I 

CS 

I 

Mi— C CHCuHA CH 

From piperonal and 2-thio-3-benzoylhydantom It is very 
insoluble m alcohol, water and glacial acetic acid and decomposes 
when heated above 285° giving a dark oil The hydantom dis- 
solves m concentrated sulphuric acid giving a deep purple solution 

An aw sis (Kjeldahl), 

Calculated for 

CnHiOjNiS Found 

11 2 11 06 


N 




STUDIES IN BACTERIAL METABOLISM HI 


Bi ARTHUR I KENDALL and CHESTER J FARMER 

(From the Laboratories of Biological Chemistry and Preventive Medicine 
and Hygiene, Harvard Medical School ) 

(Received for publication, June IS, 1912 ) 

This work is a direct continuation of that described in previous 
communications 1 In this senes of experiments the sparing action 
of carbohydrate for protein is again quantitatively brought out 
B proleus and B coli are the only organisms of those desenbed here 
which have been previously investigated by us The analytical 
results with these two strains bear out those obtamed with the 
strains reported m the first and second papers of these studies 

B mesentencus, a and b, are respectively two strains of the 
same organism One of them was obtained from milk, the other 
was isolated from the feces of a young baby which had been fed 
upon this milk Culturally the tiyo strains are identical, chemi- 
cally their proteolytic and fermentative powers are also practically 
identical as may be seen from an inspection of the table Both 
of these organisms broke down about 25 per cent of the total 
protein nitrogen of the medium m which they were grown to 
ammonia m the sugar-free broth m seven days, while m the cor- 
responding sugar broth, only 1 5 per cent of the total protein was 
broken down to ammonia m seven days That is to say, more 
than sixteen times as much protein was broken down to ammonia 
in the sugar-free broth as was the case m the dextrose broth m 
the same length of time 

The growth curve of the diphtheria bacillus, shown by the 
rate and amount of ammonia formation m the sugar-containing 
and sugar-free broth, is quantitatively like that of the typhoid 

1 This Journal xn, pp 13, 19, 1912 

«5 
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and dysentery bacilli, and needs no further comment It will 
be remembered that in sugar-free broth the diphtheria bacillus 
produces a strong extracellular toxin, while m broth containing 
utdizable sugar there is little or no toxin formed, the slight excess 
of a mm onia formed in the sugar-free broth becomes significant 
when interpreted m the light of this remarkable difference in 
toxicity between purely protein broth and broth containing both 
protein and sugar which can be fermented by the diphtheria 
bacillus 

Micrococcus aureus (Staphylococcus pyogenes aureus) brings out 
a new factor in bacterial metabohsm It will be seen that this 
organism brings out a progressive acidity even in sugar-free broth 
The bacteria described previously m this senes of studies pro- 
gressively form alkali m this medium, with the single exception 
of the Shiga bacillus We believe that this acidity is due to the 
fermentation of the carbohydrate radical of the protein molecule 
(Witte’s peptone) by this organism, Micrococcus aureus Pick 
has shown that that fraction of Witte’s peptone which may be 
salted out betv een 66 and 100 per cent saturation with ammonium 
sulphate contains a relatively large amount of a substance react- 
ing chemically like a true carbohydrate It would appear likely 
that the Micrococcus aureus acts selectively upon this carbohydrate 
fraction of the peptone molecule This acid reaction produced 
m the so-called “sugar-free” broth mcreases progressively to 
the sixth day of growth During this time the ammonia produc- 
tion increases very slowly, hardly more is produced than m the 
broth containing sugar, m fact On the eighth day the reaction 
m the sugar-free broth becomes strongly alkaline, and this alka- 
line reaction increases m intensity to the end of the experiment 
This abrupt change m reaction from acidity to alkalinity, to- 
gether with the sudden increase m ammonia formation, can be 
explained satisfactorily on the assumption that the carbohydrate 
radical of the protein is practically exhausted on the sixth day, 
and that this exhaustion of the carbohydrate leaves the organism 
free to attack the protem both for structural and fuel purposes 

This result, therefore, perplexing as it seemed at first, appears 
m reahty to furnish an unexpected confirmation of the theory 
that carbohydrate vhich is utdizable protects protein from bac- 
terial attack to a considerable degree 
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TABLE 1 


Broth D 





TLA IN BROTH 

DEXTROSE BROTH 


DA18 

3* 

fcla 

*!§ 

111. 

Ammonia N 
TotafN 

EH o 

O o 

O c5 1 

c 7! 1 

o 5 i 

zs a i 

2? 

K a 

Free NHj as 
milligrams Ni 
per 100 cc 

Ammonia N 

Total N 

Reaction cc ^ 
acid per 100 cc 

( ontrol 

i 

1 

11 9oj 

pc r cent I 

5 30 

+ 0 50 

11 90 

per cent 

5 30 

+ 0 75 


i 

11 90 

1 5 30 

0 00 

11 90 

5 30 

+ 0 75 


3 

12 95 ! 

5 SO 

0 00 

12 CO 

5 61 

+ 1 25 

B diphtheritic 

0 

13 30 

5 94 

0 00 

12 95 

5 80 

+ 1 75 


S 

13 G5 1 

! G 10 

- 0 25 

11 90 

5 30 

+ 1 75 


10 

16 SO 

7 50 

- 0 75 

13 30, 

5 94 

+ 1 75 


1 

12 60 

5 61 

0 00 

12 25 

5 46 

+ 1 75 

Micrococcus 

3 

15 40 

6 90 

+ 0 50 

14 00 

6 25 

+ 2 75 

G 

17 85 

7 96 

+ 0 75 

14 oo; 

6 25 

+ 2 75 

aureus 

S 

27 30 

12 20 

- 1 00 

12 95 

5 80 

+ 2 75 


10 

30 SO 

17 00 

- 1 75 

14 35 

6 40 

[ + 2 50 


1 

12 25' 

5 46 

0 00 

11 55 

5 

16 

+ 3 00 

Streptococcus 

3 

12 25! 

5 46 

+ 0 25 

12 25 

5 

46 

+ 4 50 

6 

13 30 

5 94 

+ 0 25 

12 25 

5 

46 

+ 5 25 

pj ogenes 

S 

12 95 

5 80 

+ 0 25 

11 90 

5 

30 

+ 5 50 


10 

14 00' 

1 6 25 

1 

+ 0 25 

12 60 

5 

61 | 

+ 5 50 


1 

I 

17 85! 

7 96 

0 00 

11 55 

5 

16 1 

+ 1 75 


3 

19 95 

1 8 90 

0 00 

12 60 

5 

61 | 

+ 2 50 

B coli 

6 

25 20 

11 25 

0 00 

12 60 

5 

61 

-f - '2 to 


8 

25 90 

11 55 

- 0 50 

11 90 

5 

30 

+ 2 50 


10 

29 40 

13 10 

- 0 75 

13 30 

5 

94 

+ 2 75 


1 

15 40 

, 6 90 

0 00 

12 60 

5 

61 

+ 2 25 

B proteus 2 

3 

30 10 

13 85 

- 0 50 

13 30 

5 

94 

+ 2 25 

5 

41 30 

! 18 40 

- 0 75 

13 30 

5 

94 i 

+ 2 25 


7 

61 60 

[ 27 50 

- 1 50 

15 05 

6 70 

+ 2 25 


1 

30 10 

13 85 

0 00 

11 55 

5 

15 

+ 1 25 

B mesenteri- 

3 

63 00 

28 10 

| - 2 25 

11 90 

5 30 

+ 1 75 

cus b 

5 

73 50 

32 80 

I — 2 75 

13 30, 

5 94 ! 

+ 1 75 


7 

67 20 

30 00 

j - 2 75 

15 40, 

6 90 

+ 2 00 


! i 

22 60 

11 85 

0 00 

11 90 

5 30 1 

+ 1 75 

B mesenteri- 

3 

68 60 

i 30 60 

- 2 50 

13 65 

6 10 

+ 1 75 

cus, a 

1 5 

72 10 

i 32 20 

- 2 75 

14 00 

6 25 1 

+ 1 75 


7 

67 20 30 00 

— 2 75 

15 05 

6 

70 

+ 2 00 
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This brings to hght a previously unobserved feature of bac- 
terial metabolism, namely, the ability of certain bacteria to appro- 
priate certain definite constituents of the protem molecule, leaving 
the remainder but little acted upon, at least, until the more desir- 
able portion is largely exhausted 
Micrococcus aureus, the Shiga bacillus and Streptococcus pyogenes 
appear to have a specific affinity for the carbohydrate radical 
of the protem molecule (Witte’s peptone) in the absence of dex- 
trose or of other utihzable sugar not forming an integral part of 
the protein molecule 



STUDIES IN BACTERIAL METABOLISM IV 


Br ARTHUR I KENDALL, CHESTER J FARMER, EDWARD 
P BAGG, JR and ALEXANDER A DAY 

(From the Laboratories of Biological Chemistry and Preventive Medicine 
and Hygiene, Harvard Medical School ) 

(Received for publication, June 15, 1912 ) 

In the third paper of our senes of studies on bacterial metab- 
olism , 1 attention was specifically directed to the fact that Micro- 
coccus aureus, B dysentenae (variety Shiga) and Streptococcus 
pyogenes produced acid in so-called sugar-free media, while the 
other organisms hitherto investigated produced alkali m this 
medium In that communication we outlined what appeared to 
be the most logical explanation of this phenomenon, namely, that 
these bacteria, or at least the strains of them available at that 
time, actually exerted a selective action upon that portion of 
Witte's peptone (an important constituent of the media used for 
this purpose) which Pick has shown to contain a carbohydrate 
radical This observation is a new one, and throws additional 
light upon bacterial metabolism and the way m which certain 
micro-organisms can actually utilize the carbohydrate radical of 
protein, for it will be remembered that Witte's peptone is made 
from fibrin In order to demonstrate that this is a general feature 
of organisms of this particular type, we have isolated a series of 
cultures including streptococci from scarlet fever, from the vagina, 
from septicemia and from cellulitis, the pneumococcus and a 
new strain of Mic aureus These coccal forms have been studied 
with this particular object m view In addition to the study of 
reaction and ammonia production m sugar-free broth, we have 
followed the change in reaction and rate of ammonia formation 
in dextrose broth as well The rate of fermentation of dextrose 
in dextrose broth has also been followed as an additional check 
upon our results 

1 This J ournal, xu, p 215, 1912 
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The tables show that all of the streptococci studied, except 
34, which scarcely grew in the medium free from dextrose, pro- 
duced at least some acid m the sugar-free medium The increase 


TABLE 1 

Broth F 


DEXTROSE BROTH 


Control 


Pneumococcus 


Streptococcus 

23 


Streptococcus 

2 


Streptococcus 

B 


Streptococcus 

34 


Micrococcus 

Aureus 


percent 





per 

cent 



16 

35 

+0 

25 

34 

30 

16 

35 

+0 

25 

15 

00 

+0 

25 

31 

85 

15 

15 

+4 

50 

16 

65 

+0 

25 

31 

50 

15 

00 

+5 

25 

16 

85 

+0 

50 

32 

90 

15 

65 

+5 

25 

18 

00 

+0 

25 

32 

20 

15 

35 

+5 

75 

15 

65 

+0 

00 

32 

90 

15 

65 

+5 

00 

15 

35 

+0 

75 

31 

50 

15 

00 

+7 

75 

16 

60 

+0 

25 

31 

85 

15 

15 

+8 

75 

22 

65 

+0 

50 

33 

60 

16 

00 

+9 

25 

15 

65 

+0 

75 

31 

50 

15 

00 

+4 

00 

15 

50 

+0 

50 

32 

55 

15 

50 

+6 

50 

17 

15 

+0 

75 

33 

60 

16 

00 

+8 

75 

18 

00 

+0 

75 

35 

70 

17 

00 

+8 

75 

15 

30 

+0 

25 

32 

20 

15 

30 

+1 

75 

17 

60 

+0 

25 

34 

85 

16 

60 

+2 

25 

20 

00 

+0 

50 

36 

40 

17 

30 

+2 

25 

19 

35 

+0 

25 

37 

10 

17 

65 

+2 

00 

15 

15 

±0 

00 

30 

80 

14 

65 

+5 

25 

15 

65 

+0 

25 

31 

50 

15 

00 

+7 

50 

17 

15 

±0 

00 

32 

90 

15 

65 

+8 

25 

18 

50 

±0 

00 

33 

60 

16 

00 

+9 

00 

15 

65 

+0 

75 

31 

50 

15 

00 

+3 

00 

16 

65 

+0 

50 

32 

20 

15 

30 

+4 

25 

20 

30 

±0 

00 

34 

30 

16 

30 

+4 

25 

25 

00 

-0 

25 

36 

05 

17 

15 

+4 

75 
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m acidity, although slight m some strains, was perfectly definite, 
and agrees essentially with the observation made upon the strepto- 
coccus mentioned in our previous communication 2 
Mic aureus shows correspondingly a greater acidity m plain 
broth, followed by a decided alkalinity, again confirming our 
previous observations with this organism 
The very unusual amount of acid developed by Streptococcus 
34 and 23, amounting to 9 cc of normal acid per 100 cc of media, 
is noteworthy Both of these organisms break down about 
75 per cent of the dextrose originally present in the medium in 
nine daj's 

The sparing action of dextrose, although very slight (due to 
the presence of a carbohydrate radical m the peptone used in 
the sugar-free medium, which protects the remainder of the pro- 
tein from bacterial attack), is nevertheless distinct The growth 
curve of the streptococci is very similar to that of the other patho- 
genic organisms discussed previously The negative ammonia 
phase, mentioned in our first studies, is also clearly shown, par- 
ticularly during the first days of growth 


* bOC Clt 




ON THE INFLUENCE OF GLUTARIC ACID ON 
PHLORHIZIN GLYCOSURIA 


By A I RINGER 

(From the Department of Physiological Chemistry of the University of 
Pennsylvania ) 

(Received for publication, June 19, 1912 ) 

In a senes of experiments by Baer and Blum 1 the authors pre- 
sent evidence to the effect that the subcutaneous injection of glu- 
tanc acid has the power of greatly reducing the amount of sugar 
and mtrogen m the unne, and also to greatly diminish or cause 
the entire disappearance of the acetone and /9-oxybutyric acid 
from the unne m phlorhizm glyeosuna In their expenment XIII, 
on giving 7 grams of glutanc acid, the mtrogen was reduced from 
6 6 grams to 2 7 grams, the sugar from 19 5 to 2 5 grams, the ace- 
tone from 0 5299 to 0 0118 gram, the /3-oxybutync acid from 1 948 
grams to zero In expenment XV, the mtrogen was reduced from 
8 51 to 0 49 gram m twenty-four hours, the sugar from 20 5 to 1 0 
gram, acetone from 0 4312 to01176 gram, and /3-oxybutync acid 
from 4 316 grams to 0 074 gram 
The authors also make the observation “je starker die Zucker- 
ausscheidung und je schwerer die Stoffwechselstonmg, die sich m 
Acidose kundgibt, um so ausgesprochener die Wirkung der Saure 
ist Bei starker Acidose und hoher Zuckerausscheidung nach 
grossen Phlorhizindosen volliger Schwund des Zuckers und der 
Oxybuttersaure bei starkem Absmken der Stickstoffausscheidung ” 
The authors further express the belief that the glutanc acid 
has the power of preventing the formation of sugar, and conse- 
quently its elimination, by preventmg the conversion of non- 
carbohydrate bodies into glucose Since they state (p 100), 

1 Baer and Blum Beilr ? chem Physiol u Path , x, p 80, 1907 


223 


224 Glutaric Acid and Phlorhizin Glycosuria 


“ Fur eme Zuckerbildung aus Fett lm tienschen Orgamsmus liegen 
uberzeugende Tatsachen zurzeit mcht vor,” it is evident that 
they believe that the glutaric acid prevents the conversion of 
amino-acids into glucose 

With the above experiments as a foundation, the authors per- 
formed many others which were published m subsequent papers 2 
m wluch they draw far reaching conclusions with regard to the 
metabolism of substances chemically related to glutaric acid 
Baer and Blum used animals that had been phlorhizimzed by 
single injections of phlorhizin per day In the experiments cited 
above, 1 5 grams of phlorhizin were injected per day On differ- 
ent occasions, Lusk and his pupils 3 have shown how little relia- 
bility can be placed in experiments on phlorhizimzed dogs which 
are not completely under the influence of the drug The truth of 
this is shown very plainly in the experiments of Baer and Blum, 
m which they failed to get any increase in the sugar elimination 
after feeding glycocoll, alanine, lactic acid and glutamic acid, all 
substances which have been shown beyond any doubt to be con- 
verted into glucose 4 

With this m mind, and at Professor Lusk’s kind suggestion, 
experiments were undertaken to study the influence of glutaric 
acid on completely phlorhizimzed animals 

Methods The animals were allowed to fast for two days prior 
to the commencement of and throughout the experiment The 
animals were kept m suitable metabolism cages The urme was 
separated in twelve or twenty-four-hour periods (as indicated in 
the tables) by catheterization Merck’s phlorhizin was used and 
was administered in 2 gram doses, three times a day, dissolved m 
25 cc of 1 5 per cent Na 2 C0 3 solution The glutaric acid was pre- 
pared by Kahlbaum The nitrogen was determined by the Kjel- 
dahl-Gunnmg method, sugar by Allihn, ammonia by Folin, ace- 
tone by Huppert-Messinger, /3-oxybutyric acid by Magnus-Levy 
and total acidity by Folm’s method 

’Baer and Blum Beitr z chem Physiol u Path , x i, p 102, 190S, Arch 
S exp Path u Pharm , lxv, p 1, 1911 

J Tor the latest reviews of the literature, see Lusk Phlorhizinglytosurie, 
Ergeb d Physiol , xu, 1912 

4 Mandel and Lusk Amer Journ of Physiol , xvi, p 129, 1916, Ringer and 
Lusk Zeifscfcr / physiol Chem , Ixvi, p 100, 1910 
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The results of the experiments are as follows 


Dog 6 Twenty four-hour periods 


DATE 

PERIOD 

I 

j U EIGHT 

! 

| NITJIOOFN 

OLD 
| COSE 

D N 

j REMARKS 

1 

December 1011 

l 

I 


1 




13 

1 VI 

12 7 

1 18 0 

60 9 

3 38 


14 

VII 

12 2 

21 1 

70 3 

3 33 

Ten grams of glu- 




1 

1 

' 

! 

i 

tanc acid neu- 
tralized with 
NaHCOj given 
subcutaneously 
m three doses 
during course 
of day 

15 

VIII j 

11 9 

19 7 j66 2 

3 36 


Dog 7 Twenty-four-hour periods 

January 1912 

! 


1 




is 

I 

13 87 

16 9 1 

63 0 

3 73 


19 

II 


17 9 | 

65 6 

3 66 

Ten grams glu- 







tanc acid as 
above 

20 

Dog in good condition 

Experiment 

discontinued for 


external reasons 






Dog 22 Twelve-hour periods 
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r* 
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2 

E 
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a 

M 

E 
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19 

11 
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5 8 

6 7 
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0 36 

0 35 

0 28 

0 30 

2 4 j 

3 2 ) 

320 0 
384 0 

! Ten 

19 

! 

IV 

i 

6 5 

22 5 

1 

! 

1 

3 46 

0 39 

1 

1 

0 29 

1 

1 

21 i 

348 0 ( 

grams 
glutanc 
acid as 
abore 


These three experiments show conclusively that glutanc acid 
has not the influence attributed to it by Baer and Blum In none 
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of the experiments was there any diminution m any of the unnary 
constituents, m fact, a slight increase can be seen on glutanc acid 
days In dog 22 there is a distinct increase m the /3-oxybutync 
acid after the administration of glutanc acid 

How can the differences of our results and those of Baer and 
Blum be explained? There are two possible answers It may have 
been due to the presence of some impurity in their glutanc acid 
which affected the general metabolism to a very considerable 
extent and may thus account for the marked disturbance m the 
mtrogen elimination (0 49 gram per twenty-four hours), or it 
may have been due to the inadequacy of their methods as already 
described It is very likely that the same misleading factors 
which operated m obscunng the effects of glycocoll, alanine, lactic 
acid, etc , operated in their glutanc acid experiments 

SUMMARY 

Glutanc acid is shown to have no inhibitory effect on the action 
of phlorhizm It does not reduce the sugar or nitrogen elimina- 
tion m phlorhizm glycosuria It does not dimmish the acetone 
bodies in the urine 

Attention is called to the inaccuracy of the methods employed 
by Baer and Blum and to the misleading results 



AUTOLYSIS OF MOLD CULTURES 


By ARTHUR W DOX and LEONARD MAYNARD 
( From the Chemical Section of the Iowa Agricultural Experiment Station ) 

(Received for publication, June 19, 1912 ) 

When the common saprophytic molds are grown on suitable 
fluid culture media, a dense turgid mycelium usually results in the 
course of one or two weeks If now the culture is left undisturbed 
for several weeks longer the turgidity of the cells gradually dis- 
appears until finally the whole mycelium can be disintegrated by 
simply shaking the flask This change m cell structure is evi- 
dently due to autolysis, and must therefore be accompanied by 
chemical changes which alter the composition of the substratum 
Of these changes, that winch the protein undergoes may be con- 
sidered as perhaps the most typical and the most easily demon- 
strated 

A series of experiments was undertaken m order to determine 
m what way and to what extent these autolytic changes affected 
the nitrogen content of the culture medium It will be noted 
that the experiments herein described differ from those usually 
carried on to illustrate autolysis, in that the term is more com- 
monly applied to the changes observed m plant or animal tissues 
whose vitality has been destroyed by some antiseptic 

In our experiments no antiseptic was used In either case 
the essential change taking place is the digestion of the tissue by 
enzymes that survive the death of the cell Where the autolysis 
occurs in the presence of living cells, however, there is a possibility 
also that the autolytic products may be accompanied by excre- 
tory products In our own experiments it seems unlikely that 
such was the case to any considerable extent In all probability 
metabolic activity ceases soon after the organism has exhausted 
the carbohydrate from the medium and the culture is alive only 
in the sense that it contains spores capable of germinating under 
proper conditions 
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Autolysis of Mold Cultures 



Age of Culture In Weeks 
Fia 1 Penicillium expansum 


AGE OF 

PENICILLIUM EXFAN8UM 

ASPERGILLUS NIGER 

• 

CULTURE 

Total N In 
medium 

Ammonia N in 
medium 

Total N In 
medium 

Ammonia N In 
medium 

ITWfc* 

mgm 

mgm 

mgm 

mom 

0 

40 7 


40 7 

40 7 

1 

7 9 

4 9 

13 2 

10 4 

2 

12 3 


16 8 

"12 1 

3 

15 7 


23 6 

18 8 

4 

16 8 

11 8 

23 9 

18 8 

5 

15 2 

10 4 

23 6 

16 3 

6 

16 3 


27 5 

21 3 

7 

16 8 

10 5 

28 8 

22 8 

8 

18 5 

13 2 

29 2 

23 0 



Fig 2 Aspergillus Niger 
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The cultures used in these experiments were grown on a medium 
consisting of sucrose and salts, the nitrogen being entirely m 
the form of ammonium acid tartrate In the first experiment a 
number of 200 cc Erlenmeyer flasks of uniform bottom, each 
containing 50 cc of the medium, were sterilized and heavily 
inoculated with spores The flasks were set away in a dark place 
of a fairly uniform temperature At the end of each week the 
cultural characteristics were noted and the contents of one flask 
taken for analysis The culture fluid was filtered and the mycel- 
ium washed with distilled water The filtrate was then diluted 
to a definite volume and aliquot portions analyzed for total nitro- 
gen by the Kjeldahl method and for ammonia by distillation with 
magnesium oxide 

These results are more clearly illustrated by the preceding 
figures (I and 2) The curves designated (a) represent the total 
nitrogen m the medium, those designated (b) the ammonia nitrogen 

In figure 2 it will be noticed that the mtrogen in the medium 
does not reach as low a minimum as m figure 1 Evidently the 
actual minimum is attained some time between the first and second 
determinations, and is therefore not indicated on the curve The 
validity of this explanation is shown by the following data, repre- 
sented graphically m figure 3 In this experiment the organism 
was grown in 300 cc flasks on 100 cc of a medium containing half 
the amount of mtrogen The minimum for ammonia here repre- 
sents more nearly the actual minimum 


ASPERGILLUS NIGER 


aqe of culture 



Total N In medium 

Ammonia N In medium 

wetj tj 

mgm 1 

mgm 

0 

37 5 

37 5 

1 

7 0 

2 3 

2 


1 8 

3 

12 0 

5 2 

4 

21 0 

10 2 

5 

22 1 

15 1 

6 

27 4 

15 4 

7 

24 4 

17 2 

8 

26 6 

17 8 

9 

27 4 

19 3 

26 

27 8 

18 5 
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When the nitrogen in 
the medium is present m 
the form of nitrate, the 
mold grows equally well 
and shows the same cul- 
tural characteristics The 
nitrogen nearly all disap- 
pears from the medium, 
then reappears in the form 
of ammonia and other solu- 
ble substances In the fol- 
lowing experiment, Asper- 
gillus mger and Penicillium 
camembcrh were grown 
upon 100 cc of medium contaimng potassium nitrate as the 
source of nitrogen The following tables indicate that the nitrate 
radical soon disappears and is then replaced by ammonia and 
other nitrogenous substances, the nature of which has not yet 
been determined Indeed it would appear that the nitrate is 
first converted into some other form of nitrogen before assimila- 
tion takes place 




ASPERGILLUS NIGER 

! 

PENICILLIUM CAMEMDERTI 

CULTURE 

Total N In 
medium 

Ammonia 

Nln 

medium 

Nltrato N in 
medium 

Total N in 
medium 

Ammonia 

Nln 

medium 

Nitrate N In 
medium 

weeks 

mgm 

mgm 

mgm 

mgm 

mgm 

771pm 

0 

31 6 

2 1 


31 6 

2 1 

30 0 

1 

10 6 

1 7 

2 4 

19 7 

1 4 

2 4 

2 

10 6 

2 0 

none 

10 9 

2 0 

none 

3 

8 4 

2 1 

none 

9 2 

2 2 

none 

4 

17 4 

9 5 

none 

15 4 

7 8 

none 

5 

27 3 

19 9 

none 

21 0 


none 


These experiments all indicate that during the first week or two 
the mold assimilates most of the nitrogen and subsequently re- 
stores a large part of this nitrogen to the medium In examining 
the curves, the fact must be taken into consideration that each 
determination represents an individual culture Irregularities m 
the curve may therefore be due to indeterminate cultural varia- 
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tions Thus the dip m the curves m figure 2 at the end of the 
fifth week and m figure 3 at the end of the seventh week should 
not be interpreted as a departure from the general trend of the 
entire curve In seven or eight weeks an equilibrium is established 
after which the nitrogen m the medium appears to remain constant 
In the second experiment with Aspergillus mger, the determinations 
made at the end of the tw enty-sixth week agreed very closely with 
those made at the end of the eighth week This organism restored 
about three-fourths of the nitrogen, which it had assimilated, to 
the medium, principally m the form of ammonia The remainder 
of the nitrogen which is still retamed by the mycelium, represents 
nitrogen present m the spores and probably also in some chitm- 
hhe substance or glucosamine complex which does not undergo 
autolytic change 

Determinations of total nitrogen including both medium and 
mycelium at the beginning and end of the experiments showed 
that no nitrogen had been assimilated from the atmosphere 
It should be mentioned also that the volatile base liberated by 
magnesium oxide was prepared from a culture of Aspergillus mger 
six weeks old and identified as ammonia by means of the double 
salt with platmic chloride 


Pt 


Calculated for 
(NHi)i PtCU 
43 90 


Found 

43 42 




A COMPARISON OF PARANUCLEIN SPLIT FROM CASEIN 
WITH A SYNTHETIC PARANUCLEIN, BASED 
ON IMMUNITY REACTIONS 

By FREDERICK P GAY and T BRAILSFORD ROBERTSON 

{From t he Hcarsl Laboratory of Pathology and Bacteriology, and the Rudolph 
Sprechels Physiological Laboratory, University of California ) 

(Received for publication, June 25, 1912 ) 

It has been shown by one of us (Robertson) 1 that a substance 
closely resembling paranuclem A 2 both m its properties and its 
C, H and N content can be formed from the filtered products of 
the complete peptic hydrolysis of an approximately 4 per cent 
neutral solution of potassium casemate by the action of pure pepsin 
(Grubler’s pepsin punss sicc ) at 36°C In the publications 
referred to above, evidence has been brought forward to show 
that m this case we have a real synthesis of protein from the prod- 
ucts of its hydrolytic cleavage The solution of the products of 
the peptic digestion of casein which was employed m the following 
experiments was prepared as follows 

To 6 liters of 2^ sodium or potassium caseinate were added 2 grams of 
Grdbler’8 pepsin puriss sicc which had been previously dissolved in a 
little water, this solution, after thorough mixing, w as allowed to stand at 36° 
for ten days, 2 more grams of pepsin being added after the first four days 
(in the presence of toluol) and was then sterilized by steam at 100° and fil- 
tered through hardened filter-paper To the filtrate were then added 2 more 
grains of pepsin, dissolved, as m the previous cases, m a little water, toluol 
introduced, and the solution was again allowed to stand at 36° for from 
seven to eight days , it was then again stenUzed by steam at 100° and filtered 
through hardened filter-paper The filtrate thus obtained is of a clear yel- 
low color with little or no opalescence and gives no trace of a precipitate 


! T Brailsford Robertson this Journal, m, p 95, 1907, v, p 493, 1909, 
vm, p 287, 1910, Robertson and Biddle ibid , ix, p 295, 1911 
1 Paranuclem A is formed from paranuclem of casein by the splitting off 
of phosphoric acid in alkaline solution (cf Salkowshi and Hahn Arch f d 
ges Physiol , kx, p 225, 1895, T Brailsford Robertson this Journal, in, 
P 95, 1907 
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nor of opalescence upon the addition of acetic acid either before or after 
neutralization with alkali, hence both casern and paranuclein are completely 
absent from the solution 

The synthetic paranuclein A was prepared from this solution of 
the products of peptic digestion in the following manner 

Eighteen hundred cubic centimeters of the filtered products of the com- 
plete peptic hydrolysis of a 4 per cent solution of casein in 3 N 0 sodium hydrate, 
free from substances precipitable by acetic acid either with or without pre- 
vious addition of alkali, were evaporated to 300 cc To this solution were 
added 130 cc of 10 per cent pepsin (Grtibler’s punss sicc ) and the mixture 
was set aside at 36° in the presence of excess of toluol Within twenty-four 
hours a precipitate had appeared in the fluid After five days the precipi- 
tate was collected on a filter and washed with water until the washings were 
colorless About 200 cc of water containing 30 cc of sodium hydrate 
were then poured into the filter and the contents agitated while the drip- 
pings were caught in about an equal volume of water contaimng75cc of 
acetic acid The resultant precipitate was collected on a filter, washed with 
water, 2 liters of 99 8 per cent alcohol and 1 liter of ether (fi N d) and 
dried at 36° over calcium chloride and then at room temperature over sul- 
phuric acid The substance thus obtained was a friable white powder very 
faintly tinged with yellow 

Elsewhere we show 3 that pure casern or paranuclein will sensitize 
guinea pigs for anaphylactic intoxication by either of these sub- 
stances and apparently indiscriminately Rabbits immunized 
by repeated injections of casein produce a potent antiserum with 
marked precipitms and fixation antibodies for casein and, to a 
somewhat less extent, for paranuclein A much less potent anti- 
serum was produced by paranuclein with no precipitms for either 
casein or paranuclein but with distinct fixation antibodies for para- 
nuclein only Certain of these experiments art herewith summa- 
rized and compared with others that were carried through syn- 
chronously with synthetic paranuclein A and with the products of 
peptic digestion 


ANAPHYLAXIS EXPERIMFNTS 

Guinea pigs were sensitized by subcutaneous injections of solu- 
tions of peptic digestion products, of synthetic paranuclein A 
and of paranuclein The two latter products were dissolved m 
physiological saline containing 3 6 cc of •$, KOH to 100 cc The 

*F P Gay and T Brailsford Robertson Journ of l xp Med, in press 
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animals were subsequently intoxicated by intravenous injection 
of one or other of the substances mentioned (table 1) 


TABLE 1 


guinea rta 

BENHrraiNQ DOSE 

INTER 

VAL 

8EC0ND DOSE 
(XNTRA\ ENOU8LT) 

RESULTS 



days 



114 

1 cc 3 per cent 

28 

1 cc 1 per cent 

Severe symptoms; 


paranuclem 


paranuclem 

chloroformed 2 
hours, hemor- 
rhages into per- 
itoneum 

120 

Control 


. 1 cc 1 per cent 

No symptoms, no 

! 



synthetic para- 
nuclein 

lesions 

112 

1 cc 3 per cent 

28 

1 cc 1 per cent 

Dead 45 minutes, 


paranuclem 


sjnthetic para- 

immobilization 




nuclem 

of lungs, ex- 
tensive hemor- 
rhages in cecum 
and lungs 

113 

1 cc 3 per cent; 

28 

1 5 cc 1 per cent 

Severe symptoms, 


paranuclem 


synthetic para- 

hemorrhages in 


1 


nuclein 

cecum 

115 

1 cc 3 per cent; 

i 28 

1 cc 6 per cent 

Moderate prostra- 


paranuclem 


solution peptic 
digestion 

tion, no lesions 

127 

Control 


1 cc 6 per cent 

Slight but dis- 



j 

solution peptic 
digestion 

tmct symptoms 

120 

Synthetic para- 

28 

1 cc 1 per cent 

Severe symptoms 


nuclem A, 3 per 


paranuclem 

for 2 hours No 


| cent, 1 cc 



lesions 

118 

Synthetic para- 

28 

I cc 1 per cent 

Severe symptoms 


nuclem A, 3 per 


synthetic para- 

for 2 hours 


cent, 1 cc 


nuclem A 

Hemorrhages m 
stomach 

122 

1 cc 3 per cent 

28 

1 cc 1 per cent 

No symptoms, no 


solution peptic 
digestion 


paranuclem 

lesions 

No symptoms, no 

121 

1 cc 3 per cent 

28 

1 cc 1 per cent 


solution peptic 


synthetic para- 

lesions 


digestion 


nuclem A 

Slight agitation, 

123 

1 cc 3 per cent 

28 

1 cc 6 per cent 


solution peptic 


solution peptic 

no lesions 


digestion 


digestion 
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These experiments are unequivocal The products of the peptic 
digestion of casein have distinct intoxicating effects for normal 
animals, a property which is already well recognized in its relation 
to anaphylactic shock (Vaughan and Wheeler, Biedl and Kraus) 
They have, however, no antigenic property nor specific intoxicat- 
ing effect for animals sensitized by themselves or by paranuclein 
Paranuclein and synthetic paranuclein A, however, have specific 
sensitizing and intoxicating properties and seem to react inter- 
changeably In other words, the action of pepsin on the peptic 
digestion solution has produced a new product that is indistin- 
guishable from paranuclein by the anaphylaxis reaction It would 
seem a true synthesized protein as claimed by Robertson 

Experiments with a potent anticasein serum corroborate and 
extend these biological proofs A strong antiserum to casein 
which gives a precipitin reaction with this substance m dilution of 
1-10,000 of a 1 per cent solution and a fixation reaction with 
1-100,000 was shown to produce almost equally strong reactions 
with paranuclein A fixation reaction was tried with various 
dilutions of the solution of peptic digestion of casein, of synthetic 
paranuclein A and of paranuclein m conjunction with this serum 
The uniform technical details of such an experiment follow 

Anlxgemc mixtures One per cent solutions with a total volume of 1 cc 
Antiserum 0 3 cc (56°C ) 

Alexin 0 1 cc of mixed serum from several guinea pigs removed from the 

clot eighteen to tucnty-four hours after bleeding Dilution to 1 cc in salt 
solution Incubation with antigen and antibodv at 37° C for one hour 
Hemolytic system 1 cc of a 5 per cent suspension of washed sheep’s 
blood containing four minimal hemolytic doses of a strong rabbit-anti-shcep 
serum 

Positive fixation means complete absence of hemolysis after two hours at 
37°, followed by sedimentation over night in the ice box 

Controls Each antigenic dilution plus 0 3 cc of inactivated normal 
rabbit serum Antiserum with salt solution replacing antigen These 
should hemolyze completely 

The results may be tabulated as follows 

Fixation reactions with anticasein serum No 101 

Paranuclein, 1 per cent solution, Positive 0 001 cc (limit not reached) 
Synthetic paranuclein A, 1 per cent solution, Positive 0 001 cc 
Peptic digestion products, 1 per cent solution. Negative 0 1 cc 
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SUMMARY 

Paranuclem and synthetic paranuclem A (Robertson) derived 
from the products of complete peptic digestion of casein and syn- 
thesized by the action of pepsin at 36°C are interchangeable as 
tested by reactions of anaphylaxis and of alexin fixation with an 
anticasein serum They have identical and specific antigenic 
properties that are not present in the original peptic digestion 
product 




ON PHOSPHOTUNGSTIC-PHOSPHOMOLYBDIC COM- 
POUNDS AS COLOR REAGENTS 

Bt OTTO FOLIN and W DENIS 
( From the Biochemical Laboratory of Harvard Medical School, Boston ) 

(Received for publication, June 29, 1912 ) 

In a recent preliminary communication Folm and Macallum 
showed that it is possible to make colonmetnc uric acid determina- 
tions by means of the blue color which uric acid produces with a 
reagent which was supposed to be phosphotungstic acid As the 
supply of reagent gave out and more was prepared by boiling 
sodium tungstate with phosphoric acid the products obtained 
either failed to give the reaction or gave it so faintly as to be useless 
for quantitative work 

Both phosphomolybdic and phosphotungstic acids have been 
used as qualitative reagents for unc acid 1 but no one, so far as we 
have been able to learn from the literature, has made more than a 
few casual qualitative observations on the subject or has made 
any effort to differentiate between phosphotungstic and phospho- 
molybdic acids The latter has been used more than the former 
probably because phosphotungstic acid as ordinarily prepared is 
very unsatisfactory even for qualitative purposes 
As the original reagent gave a fine reaction not only with uric 
acid but also with a great many phenol derivatives, including 
tyrosine, it seemed to us important to discover if possible how to 
procure a rehable supply of this interesting substance The 
research has yielded some rather unexpected results 
By means of a systematic series of combinations of phosphoric 
acid with sodium tungstate, with sodium molybdate and with 
various mixtures of the two, and by assaying the chromophone 

1 Offer Cenlralbl f Physiol, vm, p 801, 1894, Rieglcr Maly’s Jahrcs 
bericht, 1901, p 98, 1902, p 118,Moreigne Ibid , 1905, p S3, Cervello Arch 
f exp Path a Pharrn , bn, p 434, 1909 
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Two Color Reagents 


value of each preparation both with uric acid and with phenol 
derivatives, we have obtained first, a highly sensitive reagent for 
uric acid which does not react with monohydric phenols or their 
derivatives, such as tyrosine, and secondly, a preparation which is 
probably far more delicate than any color reagent yet known for 
phenol groups The first is a phosphotungstic acid , the second is a 
phosphotungstic-phosphomolybdie compound Both are doubt- 
less very complex compounds and we have made no attempt to 
isolate them in pure condition The preparation of the reagents 
m solution is, however, a simple matter and that is after all for us 
the important point 

1 The uric acid reagent This solution contains 10 per cent of 
sodium tungstate and 16 per cent of phosphoric acid boiled together 
for about two hours To 750 grams of water add 100 grams of 
the tungstate and 80 cc of 85 per cent phosphoric acid (H 3 P(h) 
Boil gently for two hours using a reflux condenser to prevent undue 
concentration, cool and dilute to 1 liter Two cubic centimeters 
of this solution gives the maximum color obtainable with 1 mgm 
of uric acid 

2 The phenol reagent This is a solution containing 10 per 
cent of sodium tungstate, 2 per cent of phosphomolybdic acid and 
10 per cent of phosphoric acid To 750 grams of water add 100 
grams of sodium tungstate, 20 grams of phosphomolybdic acid 
and 50 cc of phosphoric acid (85 per cent) Boil for two hours 
with a reflux condenser, cool and dilute to 1 liter Two cubic 
centimeters will give the maximum color with 1 mgm of tyrosine 
or unc acid 

The only precaution necessary m the preparation of these rea- 
gents is to use products which are free from nitrates Nitric acid 
interferes with the color reaction In the preparation of the uric 
acid reagent the tungstate must of course contain no molybdate 
In the use of these reagents it is to be noted that the active com- 
pound is quickly destroyed by alkalies, that the color is produce 
(with unc acid and phenols) only m alkaline solutions, yet is not 
obtained unless the alkali is added last From these facts we con- 
clude that the active compound is probably reduced by the uric 
acid or phenol derivatives m acid solution and that the reduce 
compound gives blue salts on adding the alkali The blue co or 
obtained is also not very stable in an excess of alkah , it gradua y 
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fades and the stronger the alkali the quicker is the fading The 
selection of the right alkali is therefore important, especially m 
quantitative work where we want the maximum as well as the 
most stable color The best alkali for the purpose is sodium car- 
bonate Potassium carbonate or ammonia cannot be used because 
they give precipitates with the reagents The reaction is made as 
follows 1 or 2 cc of the reagent is mixed in a test tube with about 
the same volume of a solution containing the substance to be tested 
An excess of saturated sodium carbonate solution (3-10 cc ) is 
then added producing the color at once When only the most 
minute traces are involved solid powdered sodium carbonate is 
substituted for the saturated solution so as to avoid unnecessary 
dilution 

When made in this way, making use of solid sodium carbonate, 
the test is unmistakably positive with solutions containing 1 part 
of uric acid m 500,000 parts of water and with 1 part of tyrosme 
m 1,000,000 parts of water 

In order to obtain information as to the utility of the two rea- 
gents we have tried them with a large number of organic substances 
Aliphatic compounds, such as acids, oxy-acids, ammo-acids, car- 
bohydrates, ketones, aldehydes and amines do not give the reac- 
tions The same is true of indol and its derivatives In tables 
I, II and III are given a number of results obtained with phenol 
derivatives s 

It is apparent that the uric acid reagent does not give a reaction 
with ordinary monohydne phenols except with those contaimng 
an amino group m the benzene nng, while it does react with di- 
and with poly-hydnc phenols Our phenol reagent on the other 
hand reacts with all oxybenzol compounds We believe that 
the phenol reagent can advantageously be used as a substitute for 
Millon’s reagent in a great many cases, particularly m the study 
of protein materials, because it is far more sensitive to tyrosme 
than Millon’s (see the next paper) and the reaction comes at once 
and m the cold 

Through the early investigations of Salkowski and of Baumann 
it is known that the urine of man and animals contains a number 

2 For many of these compounds we are indebted to the Department of 
Chemistry m Harvard College 
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TABLE I 


Monohydnc phenols 


NAME AND FORMULA OF SUBSTANCE TESTED 

UIUC ACID 
REAGENT 

PHENOL 

REAGENT 

MILLON S 
REAGENT 

Phenol, C 6 H 6 OH 

[ _ 

+ 

+ 

Cresols, o, m, p, CcH<CH 3 OH 

- 

+ 

4* 

Nitrophenols, o, m, p, C t H<N0 3 0H 

- 

- 

+ 

p-Amino-phenol, C«H<NH.OH 

+ 

4- 

+ 

Diethyl p-amino-phenol, 

+ 

4 

4 

Tnbromplienol, C 5 H 2 Br 3 OH 

- 

+- 

- 

Thymol, C«H 2 CH,OHCH(CH 2 ) 2 

— 

+ 

- 

Carvacrol, C«H 2 CH 3 OHCH(CH 2 ) 2 i 

— 

4- 

+ 

Salicylic acid, CeHtOHCOOH j 

- 

*4 

4 

Tyrosine, CeH 4 OHCH 2 CH(NH,)COOH ; 

i 


+ 

+ 


TABLE n 


Dihydnc phenols 


NAME AND FORMULA OF SUBSTANCE TESTED 

URIC ACID 
REAGENT 

PHENOL 

REAGENT 

MILLON 8 
REAOENT 

Hydroqumone, C B H,(OH). 

4 

+ 

+ 

Resorcin, C e H»(OH ) 2 

+ 

+ 

+ 

Pyrocatechin, CtH<(OH)s 

+ 

+ 

+ 

Tnchlorhydroquinone, C«H<Clj (OH). 

+ 

+ 

— 

Orem, C.H.CHjCOH), 

+ 

+ 

+ 

Guaiacol, C«H 4 OCH,OH 

+ 

+ 

+ 

Resorcin-m-methyl ether, CsHjOCHsOH 

+ 

+ 

+ 

Eugenol, C,H 2 OHOCH,CH 2 CH CH S 

4 

+ 

+ 

Vanillin, C«H 3 OHOCH 3 CHO 

— 

+ 

+ 

TABLE III 

Tnhydnc phenols and other compounds 


NAME AND FORMULA OF SUBSTANCE TESTED 

UIUC ACID 
REAOENT 

PHENOL 

REAGENT 

MILLON S 
REAGENT 

Pyrogallol, C«H 3 (OH ) 2 

+ 

+ 

+ 

Phloroglucin, C$H 3 (OH)j 

+ 

+ 

+ 

Tannic acid, C«H 3 (OH ) 3 

+ 

+ 

+ 

Adrenalin, C,H 3 (OH) 2 CH(OH)CH 2 NHCH 3 

+ 

+ 

4 

Benzaldehyde, C«H 6 CHO 

Morphine : 
a-Naphthol, O 10 H 7 OII 

+ 

+ 

+ 

+ 

+ 

+ 

Naphthylamme, C 10 H 7 NH 

— 

+ 

■ 

Uric acid 

+ 

+ 

— 
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of phenol derivatives but since that time there have been no sys- 
tematic investigations of the subject By qualitative tests with 
the above reagents we have satisfied ourselves that human urme 
contains polyphenol compounds even after several days’ fasting 
More extensive investigations concerning the quantitative rela- 
tionship of the different classes of phenols and concerning their 
significance as metabolism products will be pursued in this labora- 
tory 
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TYROSINE IN PROTEINS AS DETERMINED BY A NEW 
COLORIMETRIC METHOD 

Bt OTTO FOLIN and \V DENIS 

(From the Biochemical Laboratory of the Harvard Medical School, Boston ) 


(Received for publication, June 29, 1912 ) 

The quantitative isolation of any one amino-acid from among 
the heterogeneous mixtures obtained m the hydrolysis of protein 
materials is beset with so many practical difficulties that any 
chemical reaction which is specific for any ammo-aci an sui 
able for its quantitative estimation is apt to be valuable and 
merit investigation In the preceding paper we esen e e 
preparation of a new reagent which m the absence o o er p eno 
derivatives, is specific for tyrosine Tyrosme is one o e 
soluble ammo-acids, its quantitative determination should there- 
fore be one of the most accurate, yet as a matter of fact the tyr 
sme contents of protein materials reported m t e 1 era ^ 
so much as to clearly show that the determination o s s 
in ammo-acid mixtures by way of its isolation m pure con i 
at best a tedious and difficult task , , 

In illustration of the above statement it may no e ou 
to cite a few examples of the discrepancies m the results of the tyro 
sme determinations reported by several of e mos 
workers in the field The amount of in z ® , ky 

from maize is reported by Kutscher 1 as 1 per , hen’s 
Osborne and Clapp- as 3 6 per cent In vrteta. from ‘ 
egg Abderbalden and Hunter- report 1 6 per cen , 
and Jones 4 obtamed 3 37 per cent tyrosme Other 
numerous to mention, are to be found throug o 

1 Zeitschr f physiol Chem , xxxvui , p HI, 1903 
1 Amer Journ of Physiol , xx, p 477, 1908 
» Zeitschr f physiol Chem , xlvm, p 505, 19Ub 
1 Amer Journ of Physiol , xxn, p 153 1909 
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Partly because of the large discrepancies in the analyses reported 
in the literature, partly because we hoped to be able to determine 
whether proteins contain other phenol denvatives than tyrosine, 
it seemed to us worth while to make “tyrosine” determinations 
by means of our new reagent m a few definite proteins 
The method used for this colorimetric determination of tyrosine 
in proteins is as follows One gram of the dry protein is accurately 
weighed out and transferred to a 500 cc Kjeldahl flask, 25 cc of 
20 per cent hydrochloric acid is then added, the flask closed by 
means of a Hopkins condenser made from a large test tube, 6 and 
the contents of the flask boiled for twelve hours over a micro- 
burner At the end of this time the flame is removed, the contents 
of the flask transferred on cooling to a 100 cc volumetric flask and 
made up to volume One or two cubic centimeters of this solution 
are then transferred to a 100 cc volumetric flask, 5 cc of the tyro- 
sine reagent 6 added, and after five minutes 25 cc of a saturated 
solution of sodium carbonate, and the mixture then made up to 
volume with cold tap water The maximum color develops m 
about ten minutes Therefore the reading should not be made 
before this time has elapsed Fading is very slow m the presence 
of the large excess of reagent used As nearly at the same time 
as possible a standard is prepared by treating 1 mgm of pure tyro- 
sine with 5 cc of the phosphotungstic-phosphomolybdic reagent, 
then adding 25 cc of saturated sodium carbonate solution and mak- 
ing up to volume The color comparison is made by means of a 
Duboscq colorimeter, the standard solution being placed at 20 mm 
As a standard solution, we use a solution of pure tyrosine in deci- 
normal hydrochloric acid which is made of such a concentration 
that 5 cc contain 1 mgm of tyrosine 

In making the color comparisons both solutions should of course 
be absolutely clear and with no trace of precipitate, if any cloudi- 
ness is observed the solution should be filtered before being read 
In the following table are given the results obtained on a num- 
ber of proteins For comparison we have also compiled a list of the 

6 By means of this device any error due to products extracted from cork 
or rubber stoppers is excluded For an illustration of the apparatus, see 
Folm and Flanders This Journal, xi, p 360, 1912 

* For data regarding the method of preparation of the reagent and its 
properties, Bee the preceding paper 




248 


Tyrosine in Proteins 


PROTEIN 


Globulin (flax seed) 
Glycmm (soy benn) 

Phaseolin (white bean) 

Globulin (squash seed) 

Corylin (hazel nut) 
Edestin (hemp seed) 

\ 

Amandin (almond) 
Globulin (cotton seed) 


Globulin (castor bean) 
Vignin (cow pea) 

Legumm (pea) 


Glutelin (maize) 
Zem (maize) 

Hordern (barley) 
Gliadm (wheat) 

Glutenm (wheat) 


1 

j TYROSIKE 


By 

colorimetric 

method 

j _ 

By 

gravimetric 

method 

per cent 

per cent 

, 3 3 


1 4 0 

1 86 

i 

4 5 

2 2 

4 9 

1 4 

4 0 


52 

2 1 

1 4 7 

1 12 

1 

, 4 7 

1 

2 3 

1 

4 3 


4 6 

2 26 

4 5 

2 S 

0 5 


55 

3 6 

4 7 

1 67 

3 3 

2 4 

5 8 

4 25 


ACCORDING TO 


Osborne and Clapp 
Amcr Journ of Phys- 
iol , xix, p 468, 1907 
Osborne and Clapp 
Ibid , xvm, p 295, 
1907 

Osborne and Clapp 
Ibid , xix, p 475, 1907 

Abderhalden Zeitschr 
f j physiol Chem , 
xxxvu, p 499, 1903 
Osborne and Clapp 
Amcr Journ of Phys- 
iol , xx, 470, 1908 
Abderhalden and Ros- 
t o s k 1 Zeitschr f 
■physiol Chem , xliv, 
p 265, 1905 

Osborne and H e y 1 
Amcr , Journ of Phys- 
iol , xxu, p 262, 190S 
Abderhalden and Bab 
km Zeitschr f phys- 
iol Chem , xlvn, p 
391, 1906 

Osborne and Clapp 
Amer Journ of Phys- 
iol , xx, p 477, 190S 
Osborne and Clapp 
Ibid , xix, p 117, 1907 
Abderhalden and Sam- 
uely Zeitschr f 
physiol Chem , xliv, 
p 276, 1905 
Osborne and Clapp 
Amer Journ of Phys- 
iol , xvu, p 231, 1906 
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A glance at the above table shows that the tyrosine percentages 
given by our colorimetric method are m every case greater than 
those reported m the literature 
This may be due to a number of causes (1) Our reagent maj r 
react with known ammo-acids other than tyrosine (2) It may 
react with some ammo-acid which has not yet been isolated from 
protein hydrolysis products (3) Phenols may be formed by the 
hydrolysis of protems which would react with the reagent (4) 
The universally used method of deter minin g the amount of tyro- 
sine in proteins by the direct isolation of the ammo-acid may give 
results much too low, due either to the fact that the substance, 
although insoluble, cannot be quantitatively isolated from the com- 
plex mixture of ammo-acids m which it occurs, or that it may in 
part remain in some polypeptid combination much more soluble 
than the free acid, thus giving tyrosine percentages considerably 
lower than those obtained by the colorimetric method, which latter, 
as will be shown later, accounts for tyrosine held in peptid combina- 
tion 

In regard to the first suggestion, it may be said that we have 
tested our reagent with a great number of amino-acids occurring 
in proteins and have not found any one, other than tyrosine, which 
gives any reaction Oxyproline we were unable to test directly as 
none of the substance was available, but as gelatin, which is re- 
ported 7 to contain 3 per cent of this ammo-acid, gives a very faint 
reaction with our reagent we consider it safe to assert that none of 
the color produced m our determinations is due to oxyproline 

For lack of material we have also been unable to make any tests 
with oxytryptophane 

In regard to the second supposition, we can offer no direct evi- 
dence, in view of the results obtained in the recent critical work on 
the ester method by Osborne, Abderhalden and their collaborators, 
it would, however, seem unlikely that appreciable quantities o any 
unknown amino-acids exist in the protein molecule 

Our third supposition concerning the existence of p eno s m 
the mixtures resulting from the acid hydrolysis of protems, can, 
we think, be disproved by the results of the following experimen 
Five grams of Kahlbaum’s casein were boiled for twelve hours with 

7 Fisher and Skit a Zeitschr f physiol Chem , xxxv, p 221,1902 
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100 cc of 20 per cent hydrochloric acid, after concentrating to a 
volume of about 25 cc , the solution was repeatedly shaken out with 
ether and the combined ethereal extracts extracted in turn with 2 
per cent sodium hydrate solution This alkaline extract when acidi- 
fied and tested qualitatively with our reagent gave absolutely no 
trace of blue color, showing the entire absence of phenols The 
same experiment was repeated using various immiscible solvents, 
such as chloroform, benzol, etc , m place of ether but invariably 
with negative results 

A similar solution of the products resultingfrom the acid hydrol- 
ysis of casein was also made alkaline with sodium hydrate and 
extracted with the above solvents on the supposition that reducing 
substances of a basic nature might be present, but here again nega- 
tive results were obtained 

In order to test our theory that tyrosine values obtained by the 
usual method are invariably too low, due to the absolute impossi- 
bility of quantitatively separating this ammo-acid from hydroly- 
sis mixtures, we have made a tyrosine determmation in wool by 
the method usually used for this purpose and have followed up 
the process at every stage by the use of our colorimetric reagent 

Five hundred grams uf fat-free sheep’s wool were boiled for twenty hours 
with 3 liters of 25 per cent sulphuric acid in a flask provided with a reflux 
condenser At the end of this time the solution was cooled, made up to 
volume (5 liters) and a colorimetric tyrosine determination made Thirty 
grams of tyrosine were found to be present The solution was then treated 
with barium hydrate until no further precipitate was obtained with this 
reagent , it was then filtered and the residue repeatedly boiled with water and 
filtered until the filtrate no longer gave a test with Millon’s reagent At 
this point it still gave, however, a strong test with our phosphotungstic- 
phosphomolybdic reagent, and the extraction was therefore continued until 
only a very faint reaction could be obtained with the latter reagent 

The various filtrates were then combined, evaporated down and made up 
to a volume of 4000 cc A colorimetric tyrosine determination m this solu- 
tion showed the presence of 29 6 grams of this amm o-acid The solution was 
then evaporated down to a volume of about 2500 cc and the solid material 
separating out on cooling was filtered off by suction and repeatedly washe 
with cold water The mother liquor was again concentrated and another 
crop of crystals obtamed, this being repeated until four lots of crystals ha 
been separated out This material was then boiled with bone black an 
after several recrystalhzations was dried at 110°, its weight was found to e 
17 8 grams When assayed by the method described above it was found 0 
contain only 67 9 per cent tyrosine Further purification was not attempte 
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as it vas not intended by this work to make a quantitative determination of 
tyrosine by tho gravimetric method The various mother liquors were com- 
bined, made up to volume and assayed They were found to contain 15 
grams of tj rosine 

The above experiment, we think, strongly favors our view that 
the discrepancies between our colorimetric tyrosme determinations 
and the values for this substance which appear in the literature are 
due to the fact that it is practically impossible to separate tyro- 
sme quantitatively from the hydrolysis products of any protein 
The latter idea has been expressed bj r Osborne both in a private 
communication and in several publications 8 
That our reagent gives the same color values with tyrosme in 
peptid combinations as with the same ammo-acid in the free con- 
dition is proved by the fact that the length of time durmg which 
the hydrolysis is continued has no influence on the subsequent 
colorimetric determinations For example, 1 gram of sheep’s wool 
boiled with 25 cc of 20 per cent hydrochloric acid for one hour 
showed a tyrosme content of 6 0 per cent, when portions from the 
same sample of wool were boiled for five, twelve and twenty 
hours, respectively, exactly the same tyrosine value, 6 per cent, was 
obtained m every case 

The new colorimetric method employed in this investigation 
for the determmation of tyrosme possesses of course a special 
advantage in that the tyrosine can be determined m a very short 
time and in a very small amount of substance (0 1-0 2 gram) 


■ Osborne and Clapp A mer Journ of Physiol , xni, p 246 , 1906 , Osborne 
and Guest this Journal, ix, p 348, 1911 
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FOURTH PAPER 

ABSORPTION FROM THE LARGE INTESTINE 
Bi OTTO FOLIN and \V DENIS 

{From the Biochemical Laboratory of the Harvard Medical School , Boston ) 

(Received for publication, June 29, 1912 ) 

In our second metabolism paper 1 we showed that the ammonia 
found m the portal blood represents, m a large measure, the absorp- 
tion of the ammonia produced by putrefactive processes m the 
large intestine and we suggested that probably many other pro- 
ducts of similar origin are absorbed from the same region That 
absorption of soluble products from the large intestine does occur 
is evidently not a matter of doubt since “rectal feeding” is a gener- 
ally accepted practice among clinicians Nevertheless it seemed 
to us worth while to show experimentally that the absorption from 
the large intestine is extensive enough to be demonstrable bv means 
of our new methods of blood analysis 
The experiments recorded below show that while the absorption 
from the large intestine, as was to be expected, is not nearly so 
rapid as from the small intestme, it is rapid enough under the 
conditions selected to cause an appreciable accumulation of the 
absorbed products m the blood 
In all the experiments recorded below the animals were anaes- 
thetized by means of ether administered through a tracheal can- 
nula and by a subcutaneous injection of morphine sulphate 

Unless otherwise noted no attempt was made to wash out the 
large intestine before the operation as preliminary experiments 
led us to beheve that this is difficult to accomplish m a satisfactory 
manner without inducing a condition conducive to shock due to 
prolonged exposure of the intestines In every case therefore 
a large dose of castor oil was administered about tv enty-four 

1 This Journal, -a, p 161, 1912 
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hours before the experiment and the animal was allowed to fast 
until the operation, by this treatment we obtamed m every case a 
large intestine free from all but traces of faecal matenal As soon 
as anaesthesia was complete a sample of normal artenal blood was 
drawn to serve as a control The abdomen was then opened and 
ligatures placed at the lleo-caecal valve and at the lower end of 
the rectum 

A solution of the substance whose absorption was to be observed 
was then introduced into the ligatured intestine by means of a 
large hypodermic needle and a syringe and after withdrawal of 
the needle the abdominal cavity was carefully and completely 
closed by sutures 

Samples of blood were then drawn at suitable intervals m the 
manner descnbed in an earlier paper 2 and analyzed for non-pro- 
tein nitrogen and urea oy the methods descnbed in the same 
In the expenment relating to the absorption of creatinine the colo- 
rimetnc determinations of creatinine in blood were made by the 
method described by us m a recent paper 3 


ABSOBPTION OF UREA 


Experiment 1 Cat 58, weight 1963 grams This animal was 
fed with meat thirty hours before the expenment, with the last 
meal it received 3 grams of castor oil 

After taking a preliminary sample of blood we injected into the 
ligatured intestine 25 cc of a 10 per cent urea solution 
Samples of blood were taken at intervals, as shown below 


AW jramt 


Total non-protein nitrogen per 100 cc blood from right carotid 
artery before injection 
Total urea nitrogen in the same 

Total non-protein nitrogen per 100 cc blood from left carotid 
artery thirty minutes after injection 
Total urea nitrogen in the same 

Total non-protein nitrogen per 100 cc blood from right femoral 
artery sixty minutes after injection 
Total urea nitrogen in the same 

Total non-protein nitrogen per 100 cc blood from mesenteric 
vein of large intestine 
Total urea nitrogen m same 


42 

20 

42 

20 

46 

24 

60 

37 


5 This Journal, xi, p 527, 1912 
* Ibid , xu, p 149, 1912 
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Milligrams 

Total non-protein nitrogen per 100 cc blood from aorta one 
hundred and thirtj minutes after injection 52 

Total urea nitrogen in same 30 

No attempt was made m this experiment, or m those given below 
relating to the absorption of ammo-acids, to determine the amount 
of the mjected substance remaining unabsorbed at the end of the 
experiment, as the unavoidable faecal contamination rendered 
such determinations untrustworthy 

ABSORPTION OF GLT COCOLL 

Experiment 2 Cat 54, weight 2443 grams, etherized twenty- 
six hours after last meal which consisted of dog biscuit Three 
grams of castor oil had been given by mouth twenty hours before the 
operation The large intestine was therefore found to be practi- 
cally empty It was, however, further cleaned by a stream of 
warm water introduced by means of a tube thrust through the ileo- 
caecal valve A glass tube tied m the anus allowed the mjected 
fluid to escape freely After emptying of all liquid we introduced 
mto the ligatured large mtestme 3 grams of glycocoll dissolved m 
40 cc of warm water Samples of blood were then taken at suit- 
able intervals, as shown below 

Miihprams 

Total non-protexn nitrogen per 100 cc blood of right femoral 
artery before glycocoll injection 
Total urea nitrogen in the same 

Total non-protein nitrogen per 100 cc blood from right carotid 
artery thirty minutes after glycocoll injection 
Total urea nitrogen in the same 

Total non-protein nitrogen per 100 cc blood from left carotid 
artery sixty minutes after the injection 
Total urea nitrogen in the same 

Total non-protein nitrogen per 100 cc blood from left femoral 
artery ninety-six minutes after the injection 
Total urea nitrogen in the same 

Total non-protein nitrogen per 100 cc blood from mesenteric 
vein of large intestine taken 100 minutes after injection 
Total urea nitrogen in the same 

ABSORPTION OF ALANINE 

Experiment 3 Cat 57, weight 2663 grams This animal had 
been last fed (with meat) twenty-six hours before and had received 


55 

34 

58 

34 

64 

34 

66 

38 

86 

38 
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3 grams of castor oil twenty hours before the operation 3 1 
grams of Kahlbaum’s alanine, dissolved m 30 cc of warm water, 
were injected mto the ligatured intestine Analysis of samples of 
blood taken at appropriate intervals gave the following results 

MxUtQramt 


Total non-protein nitrogen per 100 cc of blood taken from the 
right carotid artery before the injection 38 

Total urea nitrogen in the same 20 

Total non-protein nitrogen per 100 ce blood taken from the left 
carotid artery one hour after the injection 41 

Total urea nitrogen in the same 20 

Total non-protein nitrogen per 100 cc blood taken from the 
right femoral artery two hours after the injection 44 

Total urea nitrogen in the same 24 

Total non-protein nitrogen per 100 cc blood taken from the 
abdominal aorta three hours and six minutes after the injec- 
tion 48 

Total urea nitrogen in the same 26 


ABSORPTION OF CREATININE 

Experiment 4 Cat 56, weight 3013 grams This animal was 
fed on meat twenty-six hours before, and received 3 grams of 
castor oil twenty hours before the operation 
After anaesthetizmg, the large intestine was washed out with 
warm water in the manner described under Experiment 2 We 
then introduced into the ligatured intestine 3 0 grams of creatinine 
dissolved m 35 cc of warm water 
Blood samples taken at intervals gave on analysis the following 
results 

Mtlltjrama 

Total non-protein nitrogen per 100 ce blood from right carotid 
artery taken just before the creatinine injection 34 

Total urea nitrogen in same 20 

Creatinine none 

Total non-protein nitrogen per 100 cc blood taken from left car- 
otid artery forty-five minutes after the injection 36 

Total urea nitrogen in the same 20 

Creatinine was present m this sample of blood but the amount 
was too small to be determined quantitatively 

Total non-protein nitrogen per 100 cc in blood taken from the 
right femoral artery ninety-two minutes after the injection 45 
Creatinine nitrogen in the same (colonmetncally determined) H 
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Milligram* 


Total non-protein nitrogen per 100 cc m blood from the mesen- 
teric vein of the large intestine taken seventy-two minutes 
after the injection 52 

Creatinine nitrogen in the same 19 

Total non-protein nitrogen per 100 cc blood taken from the ab- 
dominal aorta one hundred and thirtj-seven minutes after 
the injection 50 

Creatinine nitrogen in the same 14 


After drawing the last sample of blood the entire large intestine 
was excised, emptied and carefully washed, to the intestinal con- 
tents and w ashings w e added a little acetic acid, boiled for two or 
three minutes, made up (after cooling) to a volume of 500 cc and 
determined creatinine by the Folm method in a filtered portion of 
the liquid 2 24 grams of creatmme were found to have been left 
in the intestine, therefore 0 76 gram was absorbed 


absorption of witte's peptone 

Experiment 5 Cat 55, weight 3400 grams This animal was 
last fed on meat thirty hours before, and received 3 grams of castor 
oil twenty-four hours before the operation 

After taking a preliminary sample of blood we injected into the 
ligatured intestine 8 grams of Witte’s peptone dissolved m 35 cc 
of warm water 

Analysis of samples of blood taken at intervals gave the follow - 
mg results 

MxlUgrame 


Total non-protein nitrogen per 100 cc blood from right carotid 
artery before injection 30 

Total urea nitrogen in the same IS 

Total non-protein nitrogen per 100 cc blood taken from left car- 
otid artery thirty minutes after peptone injection 30 

Total urea nitrogen in the same 18 


Total non-protein nitrogen per 100 cc blood from right femoial 
artery taken sixty minutes after the injection 
Total urea nitrogen in the same 

Total non-protein nitrogen per 100 cc blood from the left femoral 
artery taken ninety-five minutes after the injection 
Total urea nitrogen 

Total non-protein nitrogen per 100 cc blood from mesenteric 
vein of the large intestine taken one hundred and two minutes 
after the injection 
Total urea nitrogen in the same 
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BLOOD AND TISSUE ANALYSIS 

FIFTH PAPER 

ABSORPTION FROM THE STOMACH 

By OTTO FOLIN and HENRY LYMAN 
(From the Biochemical Laboratory of the Harvard Medical School ) 

(Received for publication, June 29, 1912 ) 

During the last few years London, together with Abderhalden 
and with various assistants, has published some forty papers on 
digestion and absorption One of the points repeatedly empha- 
sized m these communications is the conclusion that there is no 
absorption of digestion products from the stomach 1 They have 
made no attempt to explain and in fact have taken no notice of 
the more or less different results reported by earlier investigators, 2 
evidently assuming that their own results are so conclusive as 
to leave no room for any further difference of opimon on the sub- 
ject The methods used by Fohn and Denis for demonstrating 
that ammo-acids are absorbed unchanged from the small and 
from the large intestine (see the preceding paper) are equally 
applicable to the study of the absorption of mtrogenous products 
from the stomach and m this paper we wish to report some experi- 
ments which so far as we are concerned leave no room for doubt 
concerning the absorption of protein digestion products from the 
stomach 

As m the previous work reported on the subject of absorption, 
cats were employed throughout In every case the animal was 
anaesthetized by means of ether administered through a tracheal 
cannula and by a subcutaneous injection of morphine sulphate 

1 See particularly Zeitschr f physiol Chem , lxn, p 448, 1909 

1 See Salaskin Ibid , li, p 167, 1907 

2 59 
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The technique employed m the collection of the samples of blood 
and in the subsequent analysis of the same was that described m a 
recent paper by Folm and Denis 3 

In all the experiments recorded below the general method of 
procedure has been the same After first taking a preliminary 
sample of arterial blood to serve as a control, the abdomen was 
opened and ligatures placed at the cardiac end of the stomach and 
at the pylorus The substance whose absorption was to be studied 
was then dissolved m a small amount of warm water and injected 
mto the stomach by means of a large hypodermic needle and a 
syringe 

The abdomen was then quickly and completely closed by means 
of sutures and 5 cc samples of blood taken at suitable intervals 
from the femoral and carotid arteries At the end of the experi- 
ment the splenic and entene tributaries of the portal vein were 
ligated (the former close to the splfeen) and a sample of blood taken 
from the portal vein which was by this means robbed of all but its 
gastric branches No attempt was made to wash out the stomach 
before the operation Therefore, except m the case of creatinine, 
o determinations were made at the end of the experiment to ascer- 
tain to what extent absorption had taken place 

ABSORPTION OF GLTCOCOLL 

Experiment 1 Cat 59, weight 3703 grams This animal had 
received its last meal (raw meat) twenty-four hours before the 
operation 

After taking a preliminary sample of blood, 61 grams of Kahl- 
baum’s glycocoll dissolved m 40 cc of warm water were injected 
mto the hgatured stomach 

Samples of blood taken at appropriate intervals gave on analysis 
the following results 

Milligrams 

Total non-protein nitrogen per 100 cc blood from femoral artery 
before injection 30 

Total non-protem nitrogen per 100 cc blood from carotid artery 
thirty minutes after injection 38 

Total non-protem nitrogen per 100 cc blood from carotid artery 
one hundred and sixteen minutes af ter inj ection 44 


* This Journal, xi, p 527, 1912 
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Milligrams 

Total non-protein nitrogen per 100 ce aortic blood one hundred 
and fifty-eight minutes after injection 51 

Total non-protein nitrogen per 100 cc portal blood one hundred 
and seventy-three minutes after injection 58 

ABSORPTION OF ALANINE 

Experiment 2 Cat 61, weight 4040 grams This animal was 
last fed with meat twenty-six hours before the operation After 
taking a preliminary sample of blood from the femoral artery we 
mjected into the ligatured stomach 6 36 grams of Kahlbaum’s 
alanine dissolved m 50 cc of warm water 
Analysis of samples of blood taken at intervals during the next 
three hours gave the following results 

Milligrams 

Total non-protein nitrogen per 100 cc femoral blood before 


injection 33 

Total urea nitrogen in same 18 

Total non-protein nitrogen per 100 cc carotid blood thirty 
minutes after injection 38 

Total urea nitrogen in same 18 

Total non-protein nitrogen per 100 cc femoral blood one hun- 
dred and twenty minutes after injection 49 

Total urea nitrogen m same 20 

Total non-protein nitrogen per 100 co femoral blood one hun- 
dred and eighty minutes after injection 52 

Total urea nitrogen in same 19 


ABSORPTION OF WITTE'S PEPTONE 

Experiment 3 Cat 60 weight 2313 grams This animal 
had fasted for twenty-six hours before the experiment After 
taking the usual preliminary blood sample, 8 grams of Witte’s pep- 
tone dissolved m 40 cc of warm water were injected into the liga- 
tured stomach 

Milligram* 

Total non-protein nitrogen per 100 cc femoral blood before 
injection ^4 

Total urea nitrogen in same 31 

Total non-protein nitrogen per 100 cc carotid blood thirty min- 
utes after peptone injection 38 

Total urea nitrogen m same 33 
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Milligram* 

Total non-protein nitrogen per 100 co carotid blood sixty minutes 
after peptone injection 37 

Total urea nitrogen in same 31 

Total non-protein nitrogen per 100 cc femoral blood ninety 
minutes after peptone injection 40 

'total urea nitrogen in same 33 

Total non-protein nitrogen per 100 cc portal blood one hun- 
dred and five minutes after peptone injection 49 

Total urea nitrogen in same 33 


ABSORPTION OP CREATININE 


Experiment 4 Cat 61, weight 1940 grams This animal 
had fasted for twenty-six hours before the experiment After 
taking a preliminary sample of blood from the femoral artery we 
injected into the ligatured stomach a solution of 2 8 grams of creat- 
inine dissolved in 50 cc of warm water From the samples of blood 
drawn at intervals during the next five hours the following results 
were obtained 


Uilharaml 

Total non-protein nitrogen per 100 cc femoral blood before 
injection 38 

Creatinine m same 0 

Total non-protein nitrogen per 100 cc carotid blood one hour 
after injection 38 

Creatinine in same 0 

Total non-protein nitrogen per 100 cc femoral blood two hours 
and thirty minutes after injection 38 

Creatinine in same 0 

Total non-protein nitrogen per 100 cc femoral blood four hours 
after injection 38 

Creatinine in same 0 

Total non-protein nitrogen per 100 cc carotid blood five hours 
after injection 41 

Creatinine in same trace 

Total non-protein nitrogen per 100 cc portal blood five hours 
and ten minutes after injection 45 

Creatmine in same trace 


At the end of the experiment the stomach was excised and care- 
fully washed out, the contents and washings were combined, treated 
with a few cubic centimeters of acetic acid and heated to boiling 
After coohng the liquid was made up to a volume of 250 cc , fil- 
tered and a colorimetric creatmine determination earned out on a 
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portion by the Fohn method 2 50 grams of creatinine were found 
to have been recovered 

In view of the fact that it had been found that creatinine is 
rapidly absorbed both from the small 4 * and from the large 6 intes- 
tine, the above result was a surprise to us We therefore immedi- 
ately repeated the experiment m order to make sure that the nega- 
tive result obtained was not due to any idiosyncrasy on the part 
of the animal used 

Experiment 5 Cat 62, weight 3040 grams The animal had 
fasted for twenty-four hours before the operation 2 8 grams of 
creatimne dissolved m 50 ce of warm water were injected into the 
ligatured stomach The following results were obtained 

Milligrams 

Total non-protem nitrogen per 100 cc carotid blood before 
injection 52 

Creatinine in same 0 

Total non-protein nitrogen per 100 cc femoral blood one hour 
and thirty minutes after injection 52 

Creatinine in same 0 

Total non-protein nitrogen per 100 cc femoral blood three hours 
after injection 53 

Creatimne in same trace/ 

Outside of the fact of proving the lack of absorption of creatimne 
by the stomach, the two experiments given above are of interest 
as they serve as controls and prove that with the stomach filled 
with liquid, animals may be kept under anaesthesia for as long as 
three hours without exhibiting changes m the non-protem nitrogen 
fraction of the blood 


ABSORPTION OF UREA 

Experiment 6 Cat 63, weight 2680 grams This ammal had 
fasted for twenty-two hours before the operation 1 8 grams of 
urea dissolved m 25 cc of warm water were injected into the liga- 
tured stomach 

The following results were obtained 

Milligrams 

Urea nitrogen injected 

Urea nitrogen recovered from stomach 304 


4 This Journal, xn, p 141, 1912 

1 See preceding paper 
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MxUxgramt 


Hence, urea nitrogen absorbed 696 

Total non-protein nitrogen per 100 cc carotid blood before 
injection 49 

Urea nitrogen in same 27 

Total non-protein nitrogen per 100 cc carotid blood one hour 
and thirty minutes after injection 66 

Urea nitrogen in same 42 

Total non-protein nitrogen per 100 cc carotid blood three hours 
after injection 68 

Urea nitrogen in same 45 

Total non-protein nitrogen per 100 cc carotid blood four hours 
after injection 78 

Urea nitrogen in same 54 

Total non-protein nitrogen per 100 cc portal blood four hours 
and ten minutes after injection 86 

Urea nitrogen in same 64 


To determine the unabsorbed urea the stomach was excised, 
emptied and thoroughly washed The various washings were 
combined, acidified with acetic acid and heated to boiling After 
cooling the liquid was made up to a volume of 500 cc and filtered 
Urea was determined m this liquid by the colorimetric method 6 
The results recorded in the above experiments clearly prove that 
nitrogenous digestion products are absorbed from the stomach 
The peculiar results reported by London and his associates are 
not necessarily inconsistent with ours but the interpretation drawn 
from them is, we believe, erroneous 


• This Journal, xi, p 515, 1912 



ON THE ACTION OF LEUCOCYTES ON GLUCOSE 


SECOND COMMUNICATION 

Br P A LEVENE and G M MEYER 
(From the Rockefeller Institute for Medical Research, New York ) 

(Received for publication, July 2, 1912 ) 

The results reported m a previous communication 1 were convinc- 
ing of the fact that lactic acid is formed through the action of leu- 
cocytes on glucose However, the quantity of lactic acid isolated 
m form of its zinc salt was lower than that of the disappeared sugar 
Hence, to complete the knowledge of the action of leucocytes 
on glucose it was necessary to ascertain the fate of the missing 
sugar that had not been identified as lactic acid The theory 
admits of a great variety of possibilities and an attempt was made 
to test by experiment some of them 
The disappearance of sugar may be caused by either one of the 
three reactions, oxidation, reduction or dissociation, such as 

CjHuOj *=4 CsHioOj + CHjO 
CeHisO* f=; C*H»Oj + C,H 8 0 3 

It was therefore concluded to inquire into the type of reaction 
which caused the disappearance of the missing sugar under the 
influence of leucocytes, without attempting to isolate the products 
of the reaction A means for distinguishing the three types of 
reactions is found m the fact that the products formed in each one 
of them require a different quantity of oxygen for transforma- 
tion into carbon dioxide 
Thus 

I 4 CiHnOi + 24 0 2 = 24 CO +24 HjO 

II 4 C«H„Oj + 25 0 2 = 24 COj + 26 H,0 

III 4 CeHjOs + 16 Oi = 24 C0 2 + 16 H 0 

IV 4 (CjHjO)j + 24 Ch = 24 CO- + 24 H t O 


1 This Journal, m, p 361, 1912 
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It is seen from this that taking glucose for the unit value of oxygen 
requirement for oxidation into carbon dioxide, a higher value is 
needed for oxidation of an equal number grams molecule of the 
reduction products, a lower value when oxidation was responsible 
for the disappearance of sugar and an equal value when the break- 
ing down of sugar was caused by a reaction of dissociation 

Recently Greifenhagen, Komg and Scholl 2 have determined the 
conditions for oxidation of several carbohydrates, of methyl alcohol, 
and of glycerin into carbon dioxide by means of a potassium per- 
manganate solution The authors recommend the method for 
quantitative estimation of sugar 

It was concluded to resort to this method for estimation of the 
oxygen requirement for transformation mto carbon dioxide of the 
products formed by the action of leucocytes on glucose How- 
ever, before applying it, the method was tested m regard to the 
following requirements 

1 Whether it permits of detecting accurately such small differ- 
ences m sugar concentration as occur in course of our leucocyte 
experiments 

2 Whether it permits of detecting saccharic acid m such con- 
centrations as may occur m the leucocyte experiments 

The method was found to satisfy these two requirements and 
it was therefore applied to the analysis of the products of reaction 
of leucocytes on glucose 

It was found that while the reducing power of the sugar solution 
suffered the usual loss of about 10 per cent, the oxygen consump- 
tion of the original sugar remained unaltered at the end of the 
experiment A control of the leucocyte extract treated m the 
same manner as m the principal experiment did not demonstrate 
any estimable reducing power on permanganate solution On the 
basis of these experiments one was forced to the conclusion that 
the products of the action of leucocytes on glucose are neither oxi- 
dation nor reduction products 

It also was known from the results of previous experiments that 
the substances formed in the reaction were not volatile and did 
not possess reducing power for Fehhng’s solution 

The possibilities that suggested themselves on the basis of these 


1 Biochem Zeilschr , xxxv, p 169, 1911 
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data were, either that all the missing glucose was transformed into 
lactic acid, or that part of it was transformed into glycenc alde- 
hyde which m its turn suffered Cannizzaro's transformation into 
glycenc acid and glycerol The attempts to detect glycerol m 
our reaction products were not successful 
These considerations seemed to point to the conclusion that all 
the missing sugar was transformed into lactic acid and yet only about 
40 per cent of the missing sugar was extracted in form of the acid 
Thus we were led once more to test the efficiency of our method of 
extracting lactic acid In the previous co mm unication mention 
was made of the fact that about 90 per cent of lactic acid was 
recovered when the acid was added to a suspension of leucocytes 
and the mixture was treated m the same manner as the reaction 
mixture of the principal experiments In the course of the pres- 
ent work an experiment was made with a view of establishing the 
action of leucocytes on lactic acid In that experiment the lactic 
acid was allowed to remam in contact with the leucocytes for 
thirty-six hours at 37°C , and m that instance nearly all the added 
lactic acid was recovered by extraction This experiment may 
also serve as a test of the efficiency of estimating lactic acid by the 
extraction method However, there were lacking experiments 
testing the efficiency of the extraction of lactic acid from mix- 
tures containing only about 10 per cent of the acid and 90 per cent 
of glucose Buchner and Meisenheimer 3 have made such experi- 
ments with mixtures of lactic acid and saccharose and have regained 
by extraction about 90 per cent of the acid present m the mixture 
We have repeated their experiments and have obtained as good 
results as they However, when such experiments were performed 
with mixtures containing glucose instead of saccharose, only about 
40 to 50 per cent of the lactic acid present in it were extracted 
approximately the same values^as those obtained in our principal 
experiments This is due perhaps to the fact that the physical 
nature of the glucose mixture does not permit of a very intimate 
mixing with the sodium sulphate powder and that, in its turn, 
makes the extraction of lactic acid imperfect Thus the extrac- 
tion method can serve only to identify the lactic acid formed m 
course of the experiment and cannot be relied upon for its quanti- 

’ Ber d deulsch chem Gesellsch , xlm, p 1784 , 1910 

THE JOUENAL of BIOLOGICAL ckemistrt VOL xn NO 2 t- 
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tative determination For this, use has to be made of the oxida- 
tion method by means of permanganate solution A test experi- 
ment showed that the values obtained by the oxidation method 
are identical with those obtained by titration On the basis of 
these considerations we feel justified m the conclusion that lactic 
acid is the only product of the action of leucocytes on glucose 

CONCLUSIONS 

1 Under the influence of leucocytes glucose undergoes dissocia- 
tion into lactic acid only 

2 The lactic acid formed under these conditions remains intact 

3 There is no evidence of the formation of any oxidation prod- 
ucts of glucose m the same experiments 

4 It is remarkable that under conditions approaching those 
existing m the animal body the transformation of glucose is so 
simple and uniform while the formation of lactic acid from glucose 
by purely chemical methods is always accompanied by numerous 
side reactions 


EXPERIMENTAL PART 

The technique of the experiments was the same as in the preced- 
ing communication The details of permanganate titration method 
are as follows 

The protein-free sugar solution was made up to a definite volume and a 
quantity containing approximately 30 mgm of sugar used for each oxida- 
tion This was accomplished by boiling with 40 cc of ^ permanganate 
solution and 60 cc of 10 per cent potassium hydrate in a round bottom, 
Long necked, 500 cc Jena flask, fitted with a long wide tube to prevent loss 
of liquid by possible bumping Bumping was kept at a minimum by adding 
a sufficient quantity of glas3 pearls and boiling vigorously over a wire gauze 
Boiling was continued for ten minutes 

To the hot solution were then added 50 cc of 25 per cent sulphuric acid and 
sufficient j oxalic acid solution to completely decolorize the solution which 
was titrated back to pink with -nr permanganate solution The amount of 
permanganate used for the oxidation of the sugar is the difference between 
the total ” permanganate solution (cc -nr permanganate reduced to cc ?) 
less the number cc “ oxalic acid added The determination takes about 
twenty minutes 
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Total oxidation of sugar by method of Greifenhagen, showing 
differences of 1 mgm sugar 

Different volumes of a 2 per cent solution of glucose were oxi- 
dized by the process described earlier in this paper The results 
are presented in the following table All reported values repre- 
sent avenges of several determinations 


GLUCOSE 

SOLUTION 

GLUCOSE 

£ KMnOi 

N OXALIC ACID 

DIFFERENCES 

DIFFERENCES 
FOR 1 MGM 

cc. 

mgm 

CC 

CC 

CC 

CC 


30 

40 99 


19 96 


11 

31 

42 48 


20 38 


wnm 

32 

43 82 


21 07 


16 5 

33 

43 88 

22 10 

21 78 


17 0 

34 

44 18 

21 70 

22 48 



Calculated difference for 1 mgm glucose = 0 666 cc 


Oxidation of saccharic acid 

Acid potassium saccharate was prepared m the laboratory by 
the usual process The crude salt was recrystallized several times 
before it was used for the experiment It was dried to constant 
weight m a vacuum desiccator over phosphorus pentoxide 0 496 
gram of the salt was dissolved m 100 cc of water Of this solution 
10 cc were employed for oxidation with 40 cc of £ permanganate 
solution and 60 cc of a 10 per cent solution of potassium hydroxide 
Tor decoloration it was necessary to add 23 5 cc of £ oxalic acid 
The colorless solution was titrated to permanent pink color by 
2 0 cc of £ permanganate solution, it required 18 5 cc of -nr per- 
manganate solution to oxidize 0 0496 gram of acid potassium sac- 
charate 

The equivalent amount of glucose requires for oxidation 24 9 cc 
of permanganate 

Oxidation of mixtures of saccharic acid and glucose 

For this senes of experiments two solutions were prepared (A) 
30 mgm glucose dissolved in 250 cc of vater and (B) 41 mgm 
acid potassium saccharate dissolved m 250 cc of vater Tventj- 
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five cubic centimeters of each of these solutions were oxidized 
separately according to the method previously described A 
mixture of these solutions consisting of 23 30 cc of the glucose 
solution and 1 64 cc of the acid potassium saccharate solution 
was also subjected to this process The fractional parts of a cubic 
centimeter were measured off on a specially graduated pipette 
The following table summarizes the results 


SOLUTION 

GLUCOSE (A) 
OR BAC- 
CUAIIATE(B) 

« KMnO, 

10 PERCENT 

KOH 

ADDI- 

TIONAL 

n KMn0 4 

£ oxalic 
acid 

DIFFER 

ENCE 

N KMnOi 

CC 


mgm 

CC 

CC 

CC 

cc 

cc 

25 00 

(A) 

30 0 

40 

60 

2 9 

22 5 

20 6 

25 00 

(B) 

41 0 

40 

60 

0 7 

25 5 

15 2 

23 30 

1 64 

(A) 

(B) 

28 0) 

2 2/ 

40 

60 

3 8 

24 1 

19 7 


Oxidation of leucocytes and phosphate solution alone 

For this senes of experiments there was prepared a mixture 
consisting of a leucocyte suspension and of a Henderson phosphate 
solution combined in the same proportions as employed in the 
glycolysis experiments The mixture was allowed to stand at 
37°C for thirty-six hours 

The proteins were then removed by coagulation and subsequent 
filtration Twenty-five cubic centimeters of the filtrate were 
boiled with 40 cc £ permanganate solution and 60 cc of a 10 per 
cent solution of potassium hydroxide For decoloration were 
employed 45 0 cc of £ oxalic acid The excess of oxalic acid was 
oxidized by 6 cc of £ permanganate solution Hence 1 cc of w 
permanganate solution was required to oxidize 25 cc of the tested 
solution Considering that the 25 cc of the filtrate used is five 
times the quantity used in the sugar oxidations, the possible error 
in those determinations due to organic matter in the leucocytes 
would be equal to 0 2 cc £ permanganate solution, which amount 
is insignificant 


Action of leucocytes on glucose 

In this senes of expenments the reduction values for Fehimg’s 
solution were cempared with those for a permanganate solution 
The comparative estimation was made at the beginning and at 
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the end of the experiments A suspension of sterile leucocytes in 
n Henderson phosphate solution containing sugar was allowed to 
stand thirty-six hours at 37°C The reduction of the Fehling’s 
solution was measured by Volhard’s method and of the permanga- 
nate solution by the process described earlier m the paper 
The reducing power of the solution was also tested after the 
glycolyzed solution had been boiled for two hours with a 2 per cent 
hydrochloric acid solution This experiment aimed to ascertain 
whether or not condensation was responsible — perhaps m part — 
for the disappearance of glucose 


Suqar determination 


1 

ORIGINAL 

SOLUTION 

UBED 

NH.CNS 

NH«CNS 

PER CC 1 

1 

GLUCOSE j 

LOSS 




CC 

CC 

CC 

per cent 

per cent 

Before 



1 

22 5 

22 5 

8 05 


After 36 hrs 


1 

21 2 

21 2 

7 58 

5 82 

Oxidation 


ORIGINAL 

SOLUTION 

UBED 

* KMnOi 

ADDI- 

TIONAL 

n KMnOi 

^ OXALIC 
ACID 

DIFFER 

ENCE 

SUGAR 

LOBS 


CC 

CC 

CC 

CC 

CC 

per cent 

per cent 

Before 

After 

0 5 

40 

9 15 


26 45 

7 92 


36 hrs 


40 

6 37 


26 39 

7 90 

0 02 


Sugar reduction 



ORIGINAL 1 
SOLUTION 
UBED 

NH.CNS 

NHiCNS 

PER CC 1 

GLUCOSE 

LOSS 




CC 

CC 

CC 

per cent 

per cent 

Before 



2 

26 00 

13 00 

4 65 


After 36 hrs 


2 

23 40 

11 70 

4 18 

10 10 

Oxidation 



ORIGINAL 


ADDI- 

TOTAL 

£ OXALIC 

n KMnOi 



[ BOLUTION 

n KMn0 4 

TIONAL 

« KMnOi 


UTILIZED ! 





KMnO, 






CC 

CC 

CC 

CC 

CC 

CC 

per cent 

Before 

0 5 


4 20 

47 10 


15 10 j 


After 








36 hrs 



0 60 

45 30 

30 50 ; 

j 

14 80 | 

4 46 
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Sugar reduction 



— — 

ORIGINAL 

SOLUTION 

USED 

NH.CNS 

NHiCNS 

PER CC 

QLUC08E 

LOSS 

Before 

After 36 hrs 
Hydrolysed 

cc. 

2 

2 

2 

CC 

26 10 

22 80 

23 20 

cc 

13 05 j 
11 40 

11 60 

per cent 

4 67 

4 07 

4 15 

percent 

15 00 


Oxidation 





ORIGINAL 
SOI UTION 
USED 

» KMnOi 

ADDI- 

TIONAL* 

* KMnOj 

* OXALIC 
ACID 

DIFFER- 

ENCE 

8U0AB 


CC 

CC 

CC 

CC 

cc 

per cent 

Before 

1 

40 00 

4 70 

13 70 

31 00 

4 65 

After 36 hrs 

1 

40 00 

2 60 

9 50 

31 10 

4 68 


• permanganate solution was used In titration against oxalic acid In this and In the 
subsequent tables tbo values are all recalculated as ^ permanganate solution 


Oxidation 0 / lactic acid 

For these experiments there was prepared an approximately £ 
solution of lactic acid The lactic acid content of the solution was 
determined according to F Ulzer and H Seidel 4 To 10 cc of the 
solution an excess of sodium hydroxide solution was added, 
using phenolphthalem as indicator The mixture was brought to 
a boil and titrated back with hydrochloric acid solution It 
was found that 1 cc of the lactic acid solution contained 0 016 
gram lactic acid For the experiments the original solution of lac- 
tic acid was diluted with nine volumes of water Two cubic centi- 
meters of the diluted solution were employed for each oxidation 
expenment The solution was boiled with 40 cc of £ potassium 
permanganate and 60 cc of 10 per cent potassium hydroxide For 
decoloration 22 2 cc of £ oxalic acid were used In order to oxidize 
the excess of oxalic acid it was required to add 37 cc of £ potas- 
sium permanganate solution Hence in order to oxidize 20 cc 
of lactic acid solution there were employed 21 5 cc of £ potassium 
permanganate As 1 cc of £ potassium permanganate oxidizes 
1 5 mgm lactic acid, the 2 cc of the original solution oxidized con- 
tained 0 0322 gram of lactic acid The value obtained by titra- 
tion w as 0 0320 gram 

* Monalsh d Chem , xviu, pp 130-141 
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Action of leucocytes on lactic acid 

A leucocyte suspension from 700 cc of exudate was mixed with 
Henderson’s phosphate solution containing 0 470 gram of lactic 
acid, as determined by titration One-half of the lactic acid mix- 
ture was analyzed immediately for lactic acid, the other portion 
after remaining at 37° for thirty-six hours For this purpose the 
mixture was freed from protein by boiling and acetic acid The 
clear filtrate w as neutralized and evaporated to a small volume, 
acidified with phosphoric acid, ground up with anhydrous sodium 
sulphate, and extracted with ether The zme salt was prepared 
as already described 

Zme Lactate Laetxc Ac\d 

B> titration 0 2350 

Control before 0 3158 0 2322 

After 36 hours 0 3122 0 2312 


Extraction of lactic acid 

There were prepared tivo solutions of lactic acid One con- 
tained glucose the other sucrose The concentration of the sugar 
was 5 per cent Five grams of glucose or sucrose were dissolved 
m 100 cc of water containing a definite amount of lactic acid, as 
determined on a separate sample by titration or by conversion to 
the zme salt The mixtures of sugar and lactic acid were evap- 
orated to a small volume faintly acidified with phosphoric acid, 
ground with anhydrous sodium sulphate and extracted with anhy- 
drous ether until portions of the extract failed to give the Uffel- 
mann test 0 2751 gram zme lactate was obtained 

Leucocytes and sugar mixtures containing no lactic acid, pre- 
pared according to the manner previously described, were sub- 
jected to the same treatment The table summarizes the results 


EXPERIMENT 

i 

| GLUCOSE 

LOSS 

■ 

LACTIC acid 
ADDED 

Zn 

LACTATE 

RECOVERED 

LACTIC 

ACID 

LACTIC ACID 
REGAINED 


per cent 

per cent 

gram 1 

pram 

pram | 

per cent 

Leucocytes 4- 1 







glucose -{- > 

5 01 

10 


0 2544 

0 1815 

36 40 

lactic acid J 



1 





5 00 



0 2751 

0 1963 

wfWjiH 

Glucose < 

5 00 



0 3375 

0 26S0 


Sucrose 

5 00 



0 5245 

0 3760 







THE QUANTITATIVE DETERMINATION OF ALIPHATIC 
AMINO GROUPS H 

Plate I 


Br DONALD D VAN SLYKE 

( From the Rockefeller Institute for Medical Research, New York ) 
(Received for publication, July 2, 1912 ) 

The author’s method for determining aliphatic ammo nitrogen' 
by measurement of the nitrogen gas evolved m the reaction, 
RNH 2 + HN0 2 = ROH + Nj + H 2 0, 
has proven capable of sufficiently general application 2 to make it 


1 This Journal, ix, p 185, 1911 

1 It has been utilized in the following articles Levene and Jacobs Hefenu- 
cleinsaure III, JScr d deutsch chem Gesellsch , "dm, p 3150, Sjollema 
and Rinkes Hydrolyse des Kartoffeleiweisses, Z eilschr f physiol Chem , 
boro, p 506, Kossel and Cameron Die freien Amidogruppen der emfacli- 
sten Proteme, ibid , Ixxvi, p 457, Brach and von Purth Chemische Aufbau 
des Chitins, Biochem Z eilschr , xxxvm, p 468, Medigreceanu Composi- 
tion of Urinary Albumin, Journ of Exp Med,x iv, p 298, White Compara- 
tive Proteolysis Experiments with Trypsin, J ourn Amer Chem Soc , nun, 
p 1911, Robinson Organic Nitrogenous Compounds m Peat Soil, Tech Bull 
No 7, Michigan Agricultural Experiment Station, Mays Protemkorper des 
Liebigschen Fleischextraktes, Zeitschr f physiol Chem , lxxvm, p 47, 
Abderhalden and Van Slyke Bestimmung des Aminostickstoffs m emigen 
Polypeptiden, ibid, Ixxvi, p 506, Abderhalden and Kramm Abbau der 
Proteme lm Darmkanal, i bid , lxxvu, p 425, Abderhalden and Kramrn 
Abbau derMilcheiweisskorper durch Magensaft unter verschiedenen Bcding- 
ungen, ibid , Ixxvn, p 463, Abderhalden and Hanslian Verwendbarkeit der 
Estermethode zum Nachweis von MonaminosaQren neben Polypeptiden, 
ibid , lxxvu, p 285, Abderhalden Fiitterungsversuche mit vollstandig 
abgebauten Nahrungsstoffen, ibid , lxxvu, p 22, Osborne and Guest y ro 
lysis of Casein, this Journal, ix, p 333, Osborne and Guest Hydrolysis of 
Wheat Ghadin, ibid, ix, p 425, Levene, Van Slyke and Birchard Partial 
Hydrolysis of Proteins II and III, tbid , vrn, p 269, x, p > y e 

and White Digestion of Protein in the Stomach and Intestine of the 
Dogfish, ibid, ix, p 209, Van Slyke Analysis of Proteins by Determinations 
of Chemical Groups, ibid, x, p 15, Van Slyke and Birchard Nature of the 
free Ammo Groups m the Native Proteins, Proc Soc Exper to an c 
i\ 1912 
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appear worth while to publish certain improvements made m the 
apparatus during the past year Without complicating the manip- 
ulation, increasing the cost 3 or sacrificing any of the accuracy of 
the original, the present apparatus has several advantages over 
the former (1) The deaminizing vessel, D, need not be discon- 
nected from the gas burette between analyses The apparatus 
can be used for an indefinite number of determinations without 
disconnecting the parts (2) Both the deaminizing bulb D and 
the Hempel pipette can be shaken by a motor This is a tremend- 
ous convenience when considerable senes of analyses have to be 
made * (3) With the new apparatus one can work even more 
rapidly than with the ongmal D can be shaken more efficiently 
with a motor than is possible by hand and the reaction is corre- 
spondingly accelerated Furthermore, during the last stage of 
the analysis, while the nitric oxide is bemg removed in the modified 
Hempel pipette, D may be charged v, ith fresh nitrous acid and freed 
from air (first stage of next analysis), so that one can run off 
determinations at the rate of one every seven or eight minutes 

(4) The motor mcreases not only the convenience and speed of the 
method but also its reliability The only errors likely to occur 
m the original method were those due to insufficient shaking of D 
or of the pipette, in the former case the nitrogen is incompletely 
expelled from the nitrous acid solution, and results are too low, 
m the latter case the nitric oxide is mcompletely absorbed and 
results are too high The possibility of the occurrence of either 
error is reduced to a minimum by a mechanical shaking device 

(5) The use of rubber tubes to carry off overflows and used up 
solutions decidedly enhances the neatness of the apparatus, facili- 
tates cleamng, and protects the hands of the manipulator from 
nitrous acid 

The first of the above cited advantages, freedom from the ne- 
cessity of disconnecting the apparatus between analyses, was 

3 Robert Goetze, 4 Hortelstrasse, Leipsic, supplies the glass parts for 
about Mk 28, Emil Gremer, 45 Cliff Street, New York, for $10 

4 When the method is used for infrequent analyses, the motor is, of course 
superfluous Even when the shaking ib done by hand, however, the new 
apparatus is more convenient than the old The parts, minus the driving 
mechanism, are arranged as shown in the photograph, except that the modi- 
fied Hempel pipette is brought around to the side of the gas burette opposite 
the deaminizing bulb where it can be reached more convemently 
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introduced by Klein 6 who substituted for the rubber-stoppered 
deaminizing bottle of the original apparatus, a bulb, to the bottom of 
which, as in D, the inlets and outlets for liquid were sealed, while the 
gas escaped through a capillary at the top Klein’s modification, 
compared with the original, had the disadvantages that the a mm o 
solutions could not be measured directly into the deaminizing 
chamber from a burette, like B, but had to be washed in, and that 
the time required for the determination was lengthened by the 
changes required in the manipulation Nevertheless, the advan- 
tage of a one-piece, all-glass deaminizing vessel was made so evi- 
dent by the use of Klem’s modification that we attempted to com- 
bine this advantage with those of our original apparatus The 
present apparatus is the result of this attempt, with the additional 
adaptation of both deaminizing vessel and Hempel pipette to use 
with a mechanical shaker 

The structure of the apparatus and the manner m which it is 
set up are apparent from the accompanying cut and photograph 

D is of 40-45 cc capacity, A of about 35 oc and the burette B of 10 cc 
The wire from which the deaminizing bulb D is suspended should be fairly 
stiff, and rigidly fastened in position from above so that the loop about 
the capillary acts as a fixed center A is then bo placed that its center of 
gravity comes near this center and the shaking of D is accomplished with a 
minimum motion in A and, consequently, without putting a dangerous strain 
on the tube which connects A with D This tube is Btrong-walled and of 3 
mm inner diameter It is essential that the bore of cock o should also be 3 
mm The reason for this is that during the analysis gas containing some 
nitrogen collects m the tube Unless a is of as wide bore as the tube the 
liquid from A may flow around the bubble instead of forcing it into D at the 
end of the reaction The cock d is also of large bore in order to facilitate 
emptying D The neck connecting D and B must be of at least 8 mm inner 
diameter in order to allow free circulation of the solution in D up to the cock 
B The small bulb at the top of D keeps the reacting solution from splash- 
ing into the capillary 

In order to insure tightness of the cocks and to prevent their becoming 
loosened by vigorous shaking it is well to lubricate them with a paste made 
by dissolving together over a flame one part of rubber, one part of paraffin 
and two parts of vaseline 

The structure of the modified Hempel pipette is entirely apparent from the 
photograph This form would undoubtedly facilitate absorption in all 
gas analyses where shaking is necessary 


6 This Journal, x, p 287 
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cases of some native proteins which, when deaminized, form 
unwieldy coagula that mechanically interfere with the thorough 
agitation of the mixture, a longer time may be required In case 
a viscous solution is being analyzed and the liquid threatens to 
foam over into F, B is rinsed out and a httle caprylic alcohol is 
added through it For ammo substances, such as ammo-purmes, 
requiring a longer time than five minutes to react (cf p 191, former 
article), one merely mixes the reacting solutions and lets them 
stand the required length of time, then shakes about two minutes 
to drive the mtrogen completely out of solution 

When it is known that the solution to be analyzed is likely to 
foam violently, it is advisable to add caprylic alcohol through B 
before the ammo solution B is then rinsed with alcohol and dried 
with ether or a roll of filter paper before it receives the ammo solu- 
tion 

3 Absorption of nitric oxide and measurement of nitrogen The 
reaction being completed, all the gas m D is displaced into F by 
liquid from A and the mixture of mtrogen and nitric oxide is driven 
from F into the absorption pipette The driving rod is then con- 
nected with the pipette by lifting the hook from the shoulder of 
d and placing the other hook, on the opposite side of the driving 
rod, over the horizontal lower tube of the pipette The latter is 
then shaken by the motor for a minute, which, with any but 
almost completely exhausted permanganate solutions, completes 
the absorption of nitric oxide The pure mtrogen is then meas- 
ured in F During the above operations a is left open, to permit 
displacement of liquid from D as nitric oxide forms m D 

Testing completeness of reaction Particularly when the mechani- 
cal shaker is used, there is little danger of failing to obtain a com- 
plete evolution of mtrogen The point may be tested, however, 
as follows The mtrogen from F is driven out at c, a is closed and 
D connected with F The gas which has formed m the nitrous 
acid solution m D during the absorption of the nitric oxide and 
measurement of mtrogen is shaken out and driven over into F 
and then into the Hempel pipette as before After absorption of 
the nitric oxide, the gas left should not measure more than that 
obtained m blank tests, usually less than 0 1 cc After the gas has 
all been forced from D over into F at the end of the reaction, the 
mtrous solution is run out from D, by opening d, through a tube 
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leading to a drain B is rinsed and dried with a roll of filter paper 
or with alcohol and ether and the apparatus is immediately ready 
for use again 

Blank determinations, performed as above except that 10 cc of 
distilled water replaces the solution of ammo substance, must be 
performed on every fresh lot of nitrite used The amount of gas 
obtained on a five-mmute blank is usually 0 3 to 0 4 cc , with very 
little increase for longer tests Nitrite giving a much larger cor- 
rection should be rejected 

The following determinations, performed with an tet solution of 
leucine indicate the speed of the reaction The correction applied 
for reagents was 0 40 cc Ten cubic centimeters of & leucine 
solution, containing 14 01 mgm of nitrogen, were used for each 
determination 


TIME OF 
REACTION 

N 

TEMPER- 

ATURE 

PRESSURE 

N 

OBTAINED 

J 

N OBTAINED 
ON SECOND 
SHAKING OF 
SOLUTION 

TOTAL N 
OBTAINED 

mtnufM 

CC 

degrees C 

mm 


CC 


2 

24 38 

23 

762 


0 45 


3 

24 65 

22 

762 


0 20 

| 

4 

24 80 

22 

762 


0 00 

14 01 

10 

25 07 

24 

762 

14 03 

0 00 

14 03 


The driving wheel was making 300 revolutions per minute 
At speeds of 400 or 500 revolutions the reaction can be driven to 
completion m three, or, with higher room temperature, in two 
minutes 

The rate of reaction of ammonia is shown in the following table 
Ten cc portions of ammonium sulphate solution, containing 
28 02 mgm of nitrogen each, were used 


TIME OF 
REACTION 

N 

TEMPERATURE 

PREBSURE 

WEIGHT OF N 

PER CENT OF 
TOTAL AMMONIA 
NITROGEN 

minutes 

CC 

degrees C 

mm 

mgm 


3 

12 1 , 

24 

752 

6 86 

21 6 

5 

18 4 

24 

752 i 

10 16 

36 3 

10 

31 5 

24 

752 

17 38 

62 1 


As pointed out before, ammonia reacts slowly compared with the 
amino-acids For accurate determination of NH* nitrogen in digest- 
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mg solutions, etc , it is advisable to first remove the ammonia, although 
good comparative results can be obtained, m the presence of the 
relatively small proportion of ammonia usually present, if reaction 
conditions of time, temperature, and concentration of solutions 
are kept constant, so that the proportion of the ammonia decom- 
posed is the same m each determination The ammonia can be 
conveniently removed and determined by distillation "with Ca(OH)s 
under diminished pressure, as described on page 21, vol X of this 
Journal After the distillation the excess Ca(OH) 2 is dissolved 
with acetic acid It is essential that all the ethyl alcohol should 
be distilled off, as it decomposes nitrous acid with formation of 
large volumes of gases which can be removed with permanganate 
only with difficulty and by the use of perfectly fresh permanganate 
solution The point at which the alcohol has all been boiled off 
is usually indicated when the solution begins to foam m the dis- 
tilling flask 

The following results were obtained with lysine picrate Lysine, 
as previously stated, reacts more slowly than the other ammo- 
acids because it contains not only an a-ammo group but also an 
(o-arnmo group In the fifteen and thirty-minute determinations 
the solution was shaken onlj dunng the last five minutes 


TTErOHT 

OF LYSIVE 
PICRATE 

1 1 

| TIME OF 
{ REACTION I 

N 

1 TEMPEP.- 
| ATURE 

PRESSURE 

NHrN 

FOtfiro 

i 

NHrJi 

CALCULATED 

gram 

I tn»nu<« | 

cc 

degrees C 

mm 

per Cent 

per cent 

0 200 

1 5 , 

25 4 

1 24 

764 

7 13 

7 47 

0 200 

> 15 ' 

26 7 

1 24 

764 

7 49 

7 47 

0 200 

1 30 

26 7 

1 24 

764 

7 49 

7 47 


Solutions to be analyzed should be free of ethyl alcohol and 
acetone These substances when mixed with nitrous acid give 
off gases or vapors which are with difficulty absorbed by the per- 
manganate 

Amyl alcohol, which m the original description of the amino metho 
was recommended to prevent the foaming of mscous solution, must be 
replaced for this purpose by capryhc alcohol [Kablbaum’s octy - 
alkohol (sekundar) I”] Amyl alcohol, boiling at 131°, has the 
disadvantage of a very noticeable vapor tension Permanganate 
solution apparently possesses the power to absorb slight amoun s 
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of amyl alcohol vapor Particularly on hot days, however, and 
when relatively much of the alcohol is used, it is necessary to change 
the permanganate with every analysis or else reduce the volume of 
gas observed by multiplication with an empirically determined 
factor 

The following determinations illustrate this point They ivere 
performed with leucme 7 solution, using 1 cc of amyl alcohol 
m each case The temperature w r as 27°, the pressure 756 mm 
The analyses were done m rapid succession, using the same per- 
manganate solution with all 


NUMBER 

leucine 

SOLUTION 

GAS OBSERVED 

GAB CALCULATED 
FOR N 

GAB OBBERVED 

QAB CALCULATED 


CC 

CC 

cc 


l 


26 1 

25 7 

1 015 

2 

10 

27 8 

25 7 

1 082 

3 

10 

27 6 

25 7 

1 079 

4 


27 6 

25 7 

1 079 

5 

5 

13 8 

13 05 

1 079 


Theoretically a higher alcohol should be more adapted to the 
purpose, since, as the size of the alcohol molecule increases, the 
volatility diminishes, while the effectiveness m reducing the sur- 
face tension of aqueous solutions increases Kahlbaum's second- 
ary octyl (caprylic) alcohol, which is not very expensive, w as found 
satisfactory m every respect It is so efficient in preventing foam 
that when a few drops are added, a 2 or 3 percent egg albumin solu- 
tion can be analyzed without difficulty, even when the reacting 
solution is shaken rapidly with a motor The fact that it does not 
interfere to the slightest extent with the accuracy of the results 
is shown by the following determinations They w r ere performed 


t 

NUMBER 

N 

ft Mtjcmc 

SOLUTION 

QAB OBSERVED 

Gab calculated 

FOR N 


CC 

CC 

1 

1 

10 00=*0 04 

25 95 

25 95*0 10 

2 

10 00 ±0 04 

25 90 

25 95=1=0 10 

3 

10 00=*=0 04 

25 95 

25 95=^0 10 

4 

10 00 ±0 04 

26 00 

25 °5=*0 10 

5 

10 00=1=0 04 : 

25 85 j 

25 95= t 0 10 


7 For results with glycocoll cf accompanying paper on glycocoll picrate 
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m the same maimer as those with amyl alcohol and with the same 
•fir leucme solution The temperature was 29°, as warm as a labor- 
atory often becomes, and the pressure 756 mm The first deter- 
mination was a control, without the octyl alcohol 

For convenience m calculating results the following table is 
appended The figures are calculated by dividing by 2 those 
for moist nitrogen given by Gattermann m the Praxis des orgam- 
sc hen Chemilers, ninth edition They represent the weights of 
amino nitrogen m milligrams which correspond to 1 cc of nitrogen 
gas, obtained by the action of nitrous acid and measured over 
water, at the temperatures and atmospheric pressures indicated 



mm 


'piessuic 


8 

760 

762 

764 

766 

768 

770 

772 

t 

915 

0 5935 

0 5950 

0 5965 

0 5980 

0 5995 

0 6010 

0 6030 

EE 

890 


0 5925 

H 

0 5955 

0 5970 

0 5985 

0 6000 

E S 

865 


0 5895 


0 5930 

0 5945 

0 5960 

0 5975 

■1 

840 


0 5870 


0 5900 

0 5915 

0 5935 

0 5950 

14° 

810 


0 5845 


0 5875 

0 5890 

0 5905 

0 5920 

15° 

785 

0 5800 

0 5815 

0 5830 

0 5850 

0 5865 

0 5880 

0 5895 

16° 

760 

0 5775 

0 5790 

0 5805 

0 5820 

0 5S25 

0 5850 

0 5865 

17° 

>730 

0 5745 

0 5765 

mm2 

0 5795 

0 5810 

0 5825 

0 5840 

18° 

705 

0 5720 

0 5735 


0 5765 

0 5780 

0 5795 

0 5810 


675 

0 5690 

0 5705 

mi 

0 5740 

0 5755 

0 5770 

0 5785 


650 

0 5665 

0 5680 

0 5695 

0 5710 

0 5726 

0 5740 

Ell 

21° 

620 

0 5635 

0 5650 

0 5665 

0 5680 

0 5695 

0 5715 

EH 

22° 

595 

0 5610 

0 5625 

0 5640 

0 5655 

0 5670 

0 5685 

EB 

23° 

565 

0 5580 

0 5595 

0 5610 

0 5625 

0 5640 

0 5655 

0 5670 

24° 

535 


0 5565 

0 5580 

. 

0 5595 

0 5610 

0 5625 

0 5640 

25° 

505 

! [I 

0 5535 

0 5550 

0 5565 

BES 

BS 

■n 

26° 

475 


0 5505 

0 5520 

0 5535 

EH 

EH 


27° 

445 


0 5475 

0 5490 

0 5505 

EB 

EB 


28° 

>415 


0 5445 

0 5460 

0 5475 

0 5490 

0 5505 

RR j S 

29° 

>385 

0 5400 

0 5415 

0 5430 

0 5445 

0 5460 

0 5475 


30° 

8 

760 

762 

764 

766 

768 

770 

772 

1 

























THE COMPOSITION AND PROPERTIES OF GLYCOCOLL 
PICRATE AND THE SEPARATION OF GLYCOCOLL 
FROM ALANINE 

B\ P A LEVENE and DONALD D VAN SLYKE 
( From the Rockefeller Institute for Medical Research, New York ) 

(Received for publication, July 2, 1912 ) 

Glycocoll picrate was first described by Levene, 1 who demon- 
strated its value m separating the mixture of glycocoll and alanine 
encountered m the hydrolysis of most proteins He assigned to 
it the structure, C2H6NO2 C6H3N3O7, regarding the substance as 
a combination of one molecule each of glycocoll and picric acid 
We find that this was an error, and that, as reported by us some 
months ago at the Christmas meetmg of the Society of Biological 
Chemists, the picrate contams two molecules of glycocoll m com- 
bination with one of picric acid The fact that Levene and others 
who have since used the picrate m the isolation of glycocoll have 
not detected this error is easy to explam Picric acid and glycocoll 
contam practically the same percentage of carbon and nitrogen, 
so that determinations of the percentages of these elements, which 
are ordinarily most to be relied upon, give no clue whatever to the 
proportions m which the two constituents of the salt are present 
Even the difference m hydrogen contents is so low that picrates 
with respectively one and two molecules of glycocoll would varj r 
by only 0 8m their hydrogen percentage Consequently the entire 
elementary composition affords no reliable data for determination 
of the structure of the substance 
In addition to this, the problem was complicated by the readiness 
with which free picric acid crystallizes When enough or more than 
enough picric acid to form the salt of supposed monomolecular 
composition is added m hot solution to the glycocoll, a portion of 
the excess of picric acid crystallizes with the picrate v hen the 

1 This Journal, 1, p 413 
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solution is cooled In this manner it is easy to obtain mixtures 
of glycocoll picrate and free picric acid containing almost as much 
of the latter as is required by the monomolecular formula The 
excess picric acid is, however, merely a mechamcal admixture 
It can be removed by recrystallizing the substance, or by merely 
shaking it out with ether, which leaves behind the pure salt, 
(C*H»NOt)* C c H 3 0 7 N 3 

For determining analytically the purity of the salt, and in par- 
ticular its freedom from excess picric acid, the elementary com- 
position is, as already stated, of little significance Two other 
methods are available (1) The proportion of glycocoll can be 
estimated by determination of the ammo nitrogen by the nitrous 
acid method 1 2 This is the simplest method, and the one by which 
the correct composition of the picrate was first detected (2) 
The salt can be decomposed with an excess of mineral acid, the 
picric acid shaken out with ether and the glycocoll and picnc 
acid weighed separately Results by this method confirm those 
by the ammo determination 

EXPERIMENTAIi 

The reaction of glycocoll with nitrons acid 

As already stated by one of us, 3 glycocoll when treated with 
nitrous acid gives off a volume of gas, not absorbed by alkaline per- 
manganate, which exceeds by several per cent that calculated 
for one molecule of nitrogen Results are sufficiently constant, 
however, to enable one to obtain good figures for the ammo nitrogen 
if an empirical correction is used As the ammo determination is 
the only practical method for analysis of the picrate, the following 
analyses of glycocoll were made m order to determine accurately 
the empirical correction under definite conditions 

In the analyses given below the solutions of glycocoll were mixed 
with the mtrous acid m the apparatus described m the previous 
article The reacting solutions were allowed to stand five, eleven 
or thirty minutes, then shaken one minute by hand to expel the 
dissolved nitrogen Glycocoll contains 18 69 per cent of nitrogen 

1 Van Slyke this Journal, lx, p 185, also, cf preceding article 

8 Van Slyke this Journal, ix, p 199 
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WEIGHT OF 1 
OLYCOCOLL ; 

TIME OF i 
REACTION' j 

GAS l 

MEASURED 

TEMPER- 1 
ATHRE 

PRESSURE j 

1 

PER CFNT N | 
CALCULATED ■ 
FROM GAS 1 
% OLUME 

PER CFNT OP 
THEORETICAL 

N 

gram 

mwufes 

CC 

j degrets C 

mm 



0 0S01 

6 

27 8 

21 

770 

19 94 

106 7 

0 0S01 

12 

28 7 

21 

770 

20 59 

110 1 

0 OSOl 

31 

29 2 

i 21 

770 

21 01 

112 4 


The following results were obtained from analyses m which the 
reacting solutions were shaken constantly and rapidly with a motor 
from the time at which they were mixed till the reaction v, as dis- 
continued 


WEIGHT OF 
GLYCOCOLL 

TIME OF 
REACTION 

1 

| GAS 

| MEASURED 

TEMPER 

ATUBE 

PRESSURE 

PER CENT N 
CALCULATED 
FROM GAS 
VOLUME 

PER CENT OF 
THEORETICAL 

N 

pram 

minutes 

<* 

degrees C 

mm 



0 0768 

1 

28 0 

24 

754 

19 72 

105 5 

0 076S 

2 

28 6 

24 

754 

20 13 

107 7 

0 0768 

3 

28 7 

24 

754 

20 20 

108 0 

0 0768 

5 

28 6 

24 

754 

20 13 

107 7 

0 0708 

5 

28 25 

20 

758 

20 12 

107 7 

0 076S 

40* 

29 00 

20 

758 

20 58 

111 3 


*The 40-mlmit© determination was shaken only during the last five minutes 


Prom the above figures it is apparent that when the reacting 
solutions are allowed to stand five minutes and are then shaken 
one minute, the results require, for correction, multiplication bj 

the factor, —j-— - or 0 94, while, when the mechanical shaker is 
'106 7 

used for two to five minutes, a factor of 0 93 is required The 
above conditions and corrections were used in the analyses of gly- 
cocoll picrate, with consistent results It should be noted, that 
while making analyses of pure glycoeoll solutions one must change 
the permanganate absorbent solution oftener than when analyzing 
other ammo-acids, as the abnormal gases given off by glycoeoll are 
less completely taken up by the permanganate after the latter has 
been used for four or five analyses of this ammo-acid 

Composition of glycoeoll picrate 

1 Samples of glycoeoll picrate prepared according to Lei one’s 
original directions, using 4 parts of picric acid to 1 of gly- 
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cocoll (1 5 parts is the proportion actually required to form 
(C 2 H 6 N0 2 ) 2 C 6 H 3 N 3 07 ), showed ammo nitrogen contents varying 
between that required for the supposed monoglycme picrate and 
diglycine picrate The meltmg points varied between 185° and 
195° When such picrates were recrystallized from enough solvent 
to hold m solution the free picric acid present the pure diglycme 
picrate was obtained, softening at about 200° and decomposing 
at 202° The following case is an example A picrate obtained 
by Levene’s original method from gelatin showed an ammo con- 
tent of 6 9 per cent and a meltmg point of 188° It was recrystal- 
lized from water and then melted at 200° It gave the following 
figures on analysis 


Substance, 0 1900, 25 7 cc N at 768 mm , 21° (with HNO ) 
Substance, 0 1541, C0 2 , 0 1796, HiO, 0 0492 



Calculated for 

Found 


(CjH.NO. 1. CeHaNiOj 

NH -N 

7 39 

7 28 

C 

31 67 

31 76 

H 

3 43 

3 57 


Five grams of the picrate were dissolved in 50 cc of hot water and the 
picric acid freed with 30 cc of j sulphuric acid The picric ncid was shaken 
out with ether Evaporation of the ethereal extract yielded 3 001 grams of 
picric acid melting at 122° The sulphuric acid in the aqueouB solution 
was precipitated by the addition of an exact equivalent of barium hydrate 
solution which had been titrated against the same ” sulphuric acid The 
filtrate from the barium sulphate was concentrated to dryness and yielded 
2 007 grams of glycocoll melting at 228-230° 

Calculated for Found 

(CtH»NOj)i CiHiHiOj 

Picric acid 60 26 60 02 

Glycocoll 39 74 40 15 


The glycocoll gave the following figures on analysis 
Substance, 0 1240, C0 2 , 0 1463, H s O, 0 0752 

Calculated for 
CiHiNOi 

C 31 97 

H 6 73 


Found 

32 19 
6 84 


2 Samples of glycine picrate can readily be prepared, contain- 
ing abnormally high amounts of picric acid, by crystallization from 
solutions containing more than the required 0 5 molecule of picric 
acid per molecule of glycocoll That the excess of picnc acid is 
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merely a mechanical admixture, however, can he shown by extract- 
ing it with anhydrous ether 

Two grains of glycocoll and 6 grams (1 molecule) of picric acid 
were dissolved m 20 cc of hot water and allowed to crystallize at 
0° The crystals were washed with ice water, followed by a little 
alcohol and ether and dried m a vacuum Yield, 3 79 grams 
The substance softened at 185° and melted at 190° 

Analysis 0 1726 gram substance, 18 7 cc N at 20°, 764 mm Using the 
factor 0 94, this gives ammo mtrogen as 5 85 per cent The calculated 
amount for the diglj cine picrate is 7 39, for the monoglj cine picrate, 
4 61 per cent 

The substance was ground fine and extracted with several por- 
tions of boiling anhydrous ether, the extraction being continued 
until the extracts were no longer colored The residue now ob- 
tained melted at 200° and the ammo mtrogen content was raised 
to nearly the calculated value for the pure diglycine picrate 

Asaltsis 0 1529 gram substance, 20 25 cc N at 18°, 760 mm 

Calculated for 

(C.H(NO.)t GH,N,0, Found 

NH.-N 7 39 7 19 

As before, the factor 0 94 was used 

Another sample with high picric acfd content was obtained by 
dissolving 7 6 grams of diglycine picrate in 20 cc of water with 
4 6 grams (1 molecule) of picric acid The product, obtained by 
crystallization at 0°, weighed 5 49 grams and contained only 5 49 
per cent of amino mtrogen After extraction with ether it gave 
figures for the pure diglycine picrate 

Analysis 0 1423 gram substance, 19 5 cc N at 21°, 770 mm 

Calculated for r m , n j 

(OHiNOi)i CeHjNjCh Found 

NH,-N 7 39 7 42 

Incidentally these experiments bnng out the fact that the presence 
of an excess of free picric acid greatly increases the solubility of 
glycine picrate Twenty cubic centimeters of water at 0° dissolve 
only 0 35 gram of diglycine picrate, equivalent to 0 14 gram of 
glycocoll In the presence of an excess of picric acid, however, 
there remained m solution in the first of the above two experiments, 
0 8 gram of glycocoll, and in the second, 1 4 gram 
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3 The presence of free picric acid does not prevent the crystal- 
lization of diglycine picrate in pure condition, provided the solvent 
used is capable of holding in solution all the excess picric acid The 
latter decreases the yield of diglyeme picrate, but does not affect 
its composition nor crystallize with it 
In each of the following three experiments 2 grams of Kahl- 
baum’s glycocoll were dissolved in 10 cc of water To these 
solutions were added respectively one, two and three times the 
amount of picric acid required to form diglyeme picrate, the 
acid bemg in each case dissolved in 40 cc of 95 per cent alcohol 
before it was added to the glycocoll solution It was previously 
ascertained that 50 cc of 76 per cent alcohol are capable of hold- 
ing m solution, even at 0°, the amount of free picric acid present 
The solutions were allowed to stand over night at 0° for crystalli- 
zation to become complete The crystals were washed m each 
case with uniform portions of 50 per cent alcohol, 95 per cent alco- 
hol and once with ether The results of the experiments are given 
m the following table 


GLYCOCOLL 

picnic ACID 

YIEID OF QI YC1NE 
PICRATE 

AMINO N CONTENT 

1 

NH-N 

CALCULATED 

grama 

grama 

grama 

•per cent 

percent 

2 

3 

4 53 

7 15 

7 39 

2 1 

6 

2 87 

7 44 

7 39 

2 , 

9 

1 52 

7 41 

7 39 


The picrate molted at 199°-200® In each case 


Conditions for 'precipitation of glycine picrate 

Glycine picrate is much less soluble in alcohol than m water, 
but, as alcohol precipitates the ammo-acids from which glycocoll 
has usually to be separated, the conditions for precipitation of 
the latter as completely as possible m water solutions had to be 
determined In the following experiments a supersaturated solu- 
tion was made by dissolving glycine picrate in warm water Por- 
tions of this solution were cooled to the temperatures indicated 
and maintained there for several hours They were then filtered 
and 10 cc portions of the filtrates used for determinations of amino 
nitrogen All the solutions deposited crystals as soon as they 
were cooled to their respective temperatures and they were stirred 
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occasionally while standing in order to assure approximate attain- 
ment of solubility equilibrium 


TEMPER 

ATTJRF 

l 

N ! 

TEMPERATURE 

or N 

PRE88URE 

ORAMS OLYCO- 1 
COLL DISSOLVED | 

IN 100 cc 

ORAMS OLTCINE 
PICRATE DIS- 
SOLVED IN 

100 CC 

degrees C 

« 

degrees C 

mm 1 



21 

29 6 

16 

754 

1 72 

4 35 

11 

16 2 

13 

752 

0 95 

2 42 

0 

11 S 

16 

766 

0 698 

1 76 

0 

11 95 

18 

764 

0 698 

1 76 


From the above it is evident that the solubility of glycme picrate 
rises very rapidly with the temperature and that cooling completely 
to 0° is necessary to attain most complete precipitation 
The following experiment was performed m order to determine 
approximately how much time is required for precipitation at 0° 
to reach its maximum A 10 per cent solution of glycme picrate 
was cooled to0° by shaking the contammg flask m ice water 
Crystallization began before the solution reached 0° and was com- 
plete within fifteen minutes after that time Portions of the solu- 
tion were filtered off and used for ammo determinations as described 
m the preceding experiment 



























Gravimetric solubility determinations showed that 50 per cent 
alcohol at 21° dissolves per 100 cc , 2 13 grams* of glycme picrate, 
absolute alcohol only 0 16 gram 

Separation of glycocollfrom alanine 

In a solution contammg only glvcocoll and picric acid it has been 
shown above that the presence of an excess of picric acid above the 
amount required to form diglycme picrate increases the solubility 
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of the latter and makes the precipitation less complete When, 
however, alanine is also present it prevents the solvent effect 
of an excess of picric acid, at least so long as the amount of the 
latter does not exceed one-half molecule for each atom of ammo- 
acid mtrogen present In fact, the presence of excess picric acid 
up to this pomt actually depresses the solubility of the glycine 
picrate, and makes its precipitation more complete than when 
only enough picric acid to combine noth the glycocoll is added 
The following two experiments illustrate this pomt 

Separation of alanine and glycocoll using only enough picric acid 
to combine vnth the glycocoll One gram of glycocoll, 1 5 grams (1 
molecule) of picric acid and 1 gram of alanine were dissolved in 1 5 
cc of hot water and cooled to 0° After several hours the crystals 
were filtered on a cold suction funnel, washed twice with a few 
cubic centimeters of ice water and then several times with 95 per 
cent alcohol The dried product weighed 1 96 grams, containing 

0 78 gram of the original 1 00 gram of glycocoll The picrate wms 
pure, softening first at 200° and decomposing at 202° 

Separation of glycocoll from alanine, using one-half molecule of 
picric acid for each molecule of ammo-acid One gram of glycocoll, 

1 gram of alanine and 2 78 grams of picric acid were dissolved m 
15 cc of water The precipitate was treated m the same manner 
as that m the preceding experiment In this case, however, the 
yield was larger, 2 22 grams of picrate, equivalent to 0 89 gram 
of glycocoll The melting point was 197° showing that the picrate 
was not entirely pure This w r as confirmed by the analysis, which, 
however, indicates that the picrate was 96 per cent pure, contain- 
ing about 4 per cent of free picric acid 

Substance, (I) 0 1550 gram, (II) 0 1680 gram, N, (I) 20 3 cc , (II) 22 2 cc 
at 20°, 764 mm 

Calculated for Found 

(CiHiNQj)i CtH.NiOj 1 n 

NH 2 -N 7 39 7 05 7 11 

Separation of glycocoll from alanine, with isolation of the alanine 
The alanine used m this experiment, like that m the tw 0 preceding, 
was an optically active sample prepared from hydrolyzed silk and 
purified by repeated recrystalhzation It was analytically pure 
and gave the following figures for rotation m the yellow rays of a 
light purified by a Schmidt and Haensch spectroscope 
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Substance, 0 1214, solution, containing an equivalent of HC1, 1 568 gram, 
concentration of alanme hydrochloride, 10 91 per cent, sp gr , 1 03, rota- 
tion in 1 dm tube, + 1 17° 

for] * « + 10 5° ± 0 1° 

Fischer gives 10 4° *0 2° The giycocoll used was ICahlbaum’s 

One gram of alanine, 1 gram of giycocoll and 1 8 grams of picric 
acid (0 6 molecule for the giycocoll) were dissolved m 7 cc of hot 
water The solution was allowed to stand at 0° until crystalliza- 
tion was complete The crystals were washed as before on an ice- 
cold suction funnel, with a little ice water, followed by alcohol 
The yield was 2 29 grams, equivalent to 0 91 gram of giycocoll 
The product decomposed at 202° and was quite pure 

Analysis 0 1611 gram substance, 22 9 cc N 

Calculated for 

(CiH,NO:). CaHjNiOr Foand 

NH,-N 7 39 7 40 


The analysis was performed with the mechanical shaker so that 
the factor 0 93 was used 

The filtrate from the picrate was acidified with 20 cc of ? sul- 
phuric acid and shaken out several times with ether, until the 
yellow color of picric acid had entirely disappeared The solution 
was then heated on the steam bath and the sulphuric acid was pre- 
cipitated by the addition of an exact equivalent of barium hydrate 
solution which had previously been titrated against the sulphuric 
acid used The filtrate from the barium sulphate was evaporated 
to dryness It left 1 09 grams of residue which contained 1 0 
per cent of ash The substance on combustion gave figures approx- 
imating those for alanine, but 0 5 per cent low, indicating the pres- 
ence of a small proportion of giycocoll 


Substance (a3h-free), 0 1275 gram, COs, 0 1871, HjO, 0 0890 

Calculated for Calculated for 

CaHiNOs CiHtNOi 

C 31 97 40 42 

H 6 73 7 93 


Found 

39 92 
7 85 


The sharpest differentiation between the two substances is 
given by the rotation, as giycocoll is inactive The rotation, like 
the yields of picrate and alanine, indicated that 9 per cent of the 
giycocoll had gone into the filtrate with the alanine 
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Substance (ash free), 0 1120 gram, solution, containing an equivalent of 
HC1, 1 551 gram, concentration, of alanine hydrochloride, 10 15 per cent, 
sp gr , 1 03, rotation, + 0 99° 

[aj>+9 5°±01 0 

We confirmed the experience of Levene m failing entirely to ob- 
tain a picrate of alanine No compound of picric acid and alanine 
could be induced to crystallize from any concentration m water 
solution, and, when such a solution of alanine and picric acid was 
precipitated by addition of alcohol, the precipitate consisted of 
pure alanine 

SUMMARY 

Glycine picrate is composed of two molecular weights of glvco- 
coll m combination with one of picric acid It softens at 199°- 
200° and decomposes at 202° A correct melting point is ordi- 
narily good proof of its purity, as the presence of a few per cent of 
free picric acid or of alanine depresses the melting point several 
degrees The picrate is extremely soluble m hot water At 0°, 
however, 100 cc dissolve only 1 76 grams of picrate, containing 

0 7 gram of glycocoll 

To separate glycocoll from alanine, the mixture is dissolved m 
three to four parts of hot water In this solution is also dissolved 
an amount of picric acid which exceeds that required to combine 
with the glycocoll present (1 5 grams of picric acid combine with 

1 gram of glycocoll), but does not exceed that required to combine 
with the mixture, if all the ammo nitrogen present is calculated as 
belonging to the glycocoll The solution is cooled to 0° and allowed 
to remain at that temperature until crystallization is complete, 
which usually occurs in less than an hour The glycine picrate is 
washed with a slight amount of w ater at 0°, followed by 95 per cent 
alcohol The purity is controlled by the meltmg point and ammo 
nitrogen determination The filtrate from the picrate is treated 
with an excess of " sulphuric acid and freed from picric acid with 
ether The sulphuric acid is then precipitated by an equivalent of 
titrated barium hydrate solution The alanme is left as a residue 
when the filtrate from the barium sulphate is concentrated to dry- 
ness It still contains several per cent of glycocoll, but can be 
obtained, as above described, over 90 per cent pure 



THE CONDITIONS FOR COMPLETE HYDROLYSIS 
OF PROTEINS 

By DONALD D VAN SLYKE 

( From the Rockefeller Institute for Medical Research, New York ) 
(Received for publication, July 2 f 1912 ) 

Henriques and Gjaldbaek, 1 m an article devoted chiefly to a study 
of the above subject with the formol titration, find that, when pro- 
teins are hydrolyzed with acid, both ammo nitrogen and ammoma 
increase up to a certain point, at which the ammo mtrogen attains 
its maximum When hydrolysis is continued beyond this point, 
a transformation of ammo mtrogen into ammoma follows, indicat- 
ing a deaminization of some ammo-acid or acids The pomt at 
which the ammo mtrogen reaches a maximum, with the least pos- 
sible formation of ammoma, they define as the end point of the 
hydrolysis 

From the results of acid hydrolyses performed under various 
conditions Henriques and Gjaldbaek conclude that the most cer- 
tain method for obtaining the above end point is treatment with 
3n hydrochloric acid m an autoclave at 150° for one and one-half 
hours With casein, Witte peptone and calves’ flesh, complete 
hydrolysis could also be obtained by boiling with 20 per cent hydro- 
chloric acid for twelve hours With egg albumin, however, the 
results were different The amount of ammo mtrogen present 
after six hours’ boiling with 20 per cent acid was only 89 per cent 
of that obtained by autoclave hydrolysis, and continuation of the 
boiling for six hours more resulted m no increase From this it 
appeared that, m egg albumin at least, some peptid linkings exist 
m such an unusually stable condition that they can be split only 
by the autoclave hydrolysis 

Both Osborne and Guest 2 and the writer 3 have based protein 
analyses on the assumption that hydrolysis is complete when the 

1 Zeitschr f physiol Chem , lxvu, p 8 

"This Journal, ix, p 335, i\, p 425 

5 Ibid , x, p 15, 1911 
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amino nitrogen set free by boiling with 20 per cent hydrochloric 
acid reaches a maximum (sometimes attamed only after twenty- 
four hours or more boiling) The results of Hennques and Gjald- 
baek with egg albumin necessitate a test of the validity of this 
assumption 


EXPERIMENTAL 

Portions of 1 5 grams of each protein, in air-dry condition, were placed in 
test tubes of 100 cc capacity To the tubes used in autoclave experiments 
50 cc portions of 3v hydrochloric acid were added, for experiments at 100° 
the same volume of 20 per cent hydrochloric acid was used The tubes for 
autoclave hydrolysis were warmed in a water bath for a short time when 
necessary m order to bnng the proteins completely into .solution before 
placing them in the autoclave The latter was placed in an oil bath at 175° 
When the bath and autoclave reached equilibrium the temperature had 
fallen to 150°, and it was maintained at this point for the one and one-half 
or three hours duration of the experiment, at the end of which the autoclave 
was removed from the bath and allowed to cool in the air The tubes for 
hydrolysis at 100° were loosely stoppered and were immersed in a bath of 
boiling water for intervals of ten, twenty-four, or forty-eight hours 

After hydrolysis the hydrochloric acid was distilled off as completely as 
possible under diminished pressure The ammonia was then determined by 
distillation at 15-20 mm pressure with calcium hydrate and alcohol, as 
described m the writer’s method for analysis of proteins 4 The undissolved 
calcium hydrate wa3 filtered off and the adsorbed melanin determined by 
the Kjeldahl method 5 The filtrate was neutralized with hydrochloric 
acid, concentrated under diminished pressure and brought to 100 cc Dupli- 
cate portions of 20 cc were used for Kjeldahl determinations, and 10 cc 
portions for estimation of ammo nitrogen by the nitrous acid method * 
The difference between the Kjeldahl and NH« determinations gn es the non- 
ammo (NH) nitrogen This includes one NH- group, that of the guanidine 
nucleus of arginine, which does not react with nitrous acid The results 
are given in percentages of the total nitrogen of the proteins 


4 This Journal, x, p 20 

5 Ibid , x, p 21 

* Ibid , ix, p 185 
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TABLE.l 


Casein 


temperature of 
nrDROLVsis 

1 100“ 

| 100 


j 100” 

150* 

! 

150 

360 0 

TIME OF HYDROLYSIS 

lOhrs 

24 bra 

48 hra 

1 

j lihrs 

3 hra 

3 hrs 

NHs 

8 9 

9 

4 

■ ■ 

9 8 

9 

8 

i 12 1 

NH** 

65 2 

72 

4 

■ ■ 

72 6 

71 

1 

67 9 

NH 

| 23 8 

16 

1 

■TIB 

16 3 

17 

0 

18 0 

Melanin | 

I 2 1 

2 

1 

19 

1 3 

2 

0 

2 0 


* Osborne and Gucat (This Journal U p 334) found 717 per cent of nitrogen present as NHa In 
caaeln completely hydrolysed by boiling 48 boors with 20 per cent HC1 


TABLE II 


Edestin 


TEMPERATURE OF HYDROLYSIS 

1 100 

100“ 

100 

110““ 

150* 

150" 

160 

TIME OF HYDROLT8I8 

10 hrs 

24 hra 

48 hrs . 




3 hra 

NH S 

! 8 7 

9 1 

9 9 

10 0 

9 8 

12 9 

15 4 

NHs 

53 5 

61 9 

62 8 

61 1 

60 3 

61 6 

59 3 

NH 

36 2 

27 5 

25 3 

26 3 

27 0 

24 5 

24 3 

Melanin 

1 8 

1 4 

2 1 

1 9 

i 

2 9 

1 0 

1 0 


• Results at 110° are taken from figures published In the paper on Anol> sis of Proteins this 
Journal x p 15 The proteins were bolted with 20 per cent h> drochlorlc acid twenty or more 
hours until the amino nitrogen became constant 


TABLE III 


Wheat gliadin 


TEMPERATURE OF 
HYDROLYSIS 

300* 

j 100” 

100* 

no t 

150* 

150 

TIME OF HYDROLYSIS 

I 10 hrs | 

1 24 hrs 

48 hrs 


1$ hra 

3 hra 

NHs 

23 7 

24 4 

24 8 

25 5 

24 5 

25 6 

NHs* 

51 3 

57 3 

57 1 

57 2 

56 9 

57 1 

NH 

22 7 

16 1 

16 0 

16 3 

16 4 

17 2 

Melanin 

2 3 

j 2 2 

2 1 

0 9 

2 1 

0 2 


* Osborne and Guest (This Journal lx p 421) obtained 59 2 per cent nitrogen In amino form In 
completely hydrolysed glladln Our somewhat lower figure Is probably due to a difference In the 
glladln preparation used 

t Results at 110 are taken from figures published In the paper on Analysis of Proteins this 
Journal 1 p 15 The proteins were boiled with 20 per cent hydrochloric acid twenty or more 
houra until the amino nitrogen became constant 
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T4BLE IV 


Egg albumin {Merck) 


TEMPERATURE OF HYDROLYSIS 

100° 

100° 

100° 

150“ 

150 

TIME OF HYDROLYSIS 

10 hrs 

24 hrs 

48 hrs 

1} hrs 

3 hrs 

NH, 

5 5 

6 0 

7 7 

7 5 


NH, 

69 4 

79 5 

78 0 

78 3 

1 

NH 

21 9 

12 0 

11 6 

11 7 

S 

Melanin 

3 2 

2 6 

2 7 

2 5 



TABLE V 
Ox haemoglobin 


TEMPERATURE OF 
HYDROLYSIS 



100 

no 

160 

150 

TIME OF HYDROLYSIS 

10 hrs 

24 hrs 

48 hrs 


1$ hrs 

3 hrs 

NH, 


3 9 

4 2 

S 2 

4 6 

5 1 

nh. 


76 1 

75 9 

74 0 

I 75 9 

74 9 

NH 

22 0 

14 9 

IS 3 

16 6 

1 14 3 

IS 3 

Melanin 

5 3 

5 2 

4 7 

3 6 

5 3 

4 9 


TABLE VI 


Wheat gluten 


TEMPERATURE OF HTDROLYBlB 1 

100° 

100° 

1 100" 

160 

150 

TIME OF HYDROLTBIS 

- - 

10 hrs 

24 hrs 

48 hra 

1$ hrs 

3 bra 

NH, 

17 5 

17 8 

18 3 

18 3 

20 8 

NH, 

55 9 

62 5 

64 9 

64 9 

1 63 0 

NH 

23 5 

16 7 

14 3 

14 1 

14 3 

Melanin 

3 1 

2 9 

2 5 

2 6 

1 8 


SUMMARY 

The percentage of ammo nitrogen reaches a definite maximum when 
acid hydrolysis of a protein is complete, and this maximum is the 
same whether the hydrolysis occurs at 1 00° or at 150° Approximately 
the same results are obtained by heating at 100° with 20 per cent 
hydrochloric acid for forty-eight hours as by heating in an auto- 
clave with 3 n acid for one and one-half hours as recommended by 
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Hennques and Gjaldbaek 7 At 100° the ammo nitrogen reached 
its maximum within ten hours m no case, but within twenty-four 
hours in every case, except that of gluten, which showed a small but 
definite increase (2 4 per cent) during the second twenty-four- 
hour period It appears that with less acid than here used (35 
parts of 20 per cent HC1 to 1 part of protein) hydrolysis may be 
somewhat slov er, as Osborne and Guest found twenty-four hours’ 
boiling with 10 parts of 20 per cent HC1 insufficient to completely 
hydrotyze casein 

The ammonia, as found by Henriques and Gjaldbaek, does not 
reach an absolutely definite maximum, but increases the longer 
hydrolysis is continued At 1 50°, prolonging the hydrolysis 
beyond one and one-half hours caused, in the cases of three of the 
six proteins, an increase of 2 5-4 5 per cent m the ammomanitrogen 
At 160° the increase of ammonia is still more marked and occurs 
at the expense of the ammo nitrogen There is much less ten- 
dency towards deaminization at 100°, the second twenty-four-hour 
period caused an increase of over 0 8 per cent m the ammonia only 
m the case of egg albumin (1 7 per cent) Hennques and Gjald- 
baek have shown that the well known 8 alteration which cystine 
undergoes when boded with hydrochloric acid is accompanied 
by deaminization That any of the other natural ammo-acids 
are deaminized to an appreciable extent, unless heated under 
pressure, appears doubtful That the ammonia, or “amide nitro- 
gen,” arises chiefly from the acid amide groups of the asparagine 
and glutamine in the protem molecule, as indicated by the results 
of Osborne, Leavenworth and Brautlecht, 9 is consistent with all 
present results 


7 Loc cit 

* Morner Zeitsehr f physiol Chem , xxx iv, p 207, Van Slyke tins Jour- 
nal, x, p 38 

5 Amer Journ of Physiol , xxui, p 194, 1908 


THE JODRNAL OF BIOLOGICAL CHEMISTRY YOU XII NO 2 




GASOMETRIC DETERMINATION OF FREE AND CON- 
JUGATED AMINO-ACIDS IN THE URINE 

Bi P A LEVENE and DONALD D VAN SLYKE 
{From the Rockefeller Institute for Medical Research, New York ) 
(Received for publication Julj 2, 1912 ) 

The methods for the gasometnc determination of total (free 
+ conjugated 1 ) and free 2 ammo-acid nitrogen m the unne have 
been outlined m preliminary communications by one of us The 
present paper describes the methods m detail, gives some compara- 
tive results with the gasometnc and formol methods, and presents 
the results obtained with a number of normal and pathological 
human wines and with the unnes of some dogs under unusual 
expenmental conditions 

For the determination of the total (free and conjugated) ammo- 
acid nitrogen of the unne the gasometnc method has decided 
advantages over the well known Sorensen formol titration 3 
Both methods reqwre heating with acid to hydrolyze the conju- 
gated ammo-acids (hippwic acid, peptone, etc ) In the actual 
determination, however, the gasometnc method has an inherent 
advantage, m that it offers a sharply defined volume of nitrogen 
gas to be measured at a single burette reading, while the formol 
titration necessitates the determination of two end pomts, one with 
litmus and the other with phenolphthalem, neither point bemg 
so sharply defined as those commonly used in volumetric work 
The formol titration is further complicated when, as here, the solu- 
tion to be analyzed is dark m color This, of cowse, does not 
interfere with the gasometnc determination The latter possesses 
another advantage m accwacy, particularly when small amounts 
are to be determined, m that the volume of nitrogen gas evolved is 
five times that of the £ barium hydroxide solution required to 

1 Van Slyke Ber d deulsck chem Gesellsch , xlm, p 3179 

1 Ibid , xliv, p 1685 

3 Btochem Zeitschr , vn p 44 
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titrate the same amount of ammo nitrogen To the formol method 
also attaches the theoretical objection, pointed out by its origi- 
nators, that the results will be raised by the presence of weak organic 
acids, such as oxybutyric, which require more alkah to neutralize 
them to phenolphthalem than to litmus paper Whether the 
error from this source is large enough to affect the significance of 
results is still undetermined 

For the determmation of free (unconjugated) ammo-acids, on 
the other hand, the formol method has a great advantage over the 
gasometnc m that the former is not affected by the presence of 
urea Urea, which we have been unable to remove without either 
hydrolyzing conjugated ammo-acids or removing free ones, reacts 
slowly with nitrous acid, so that a correction has to be introduced 
for it into the gasometnc results Although this correction can be 
determined with a fair degree of accuracy, the proportion of urea 
to ammo-acid nitrogen is so great (50 or 100 to 1) that the necessity 
for the correction more than offsets the advantages which the gaso- 
metric method possesses m the absence of urea or the presence of 
relatively small amounts A possible error of ±05 per cent of 
the total nitrogen of the unne must be allowed for As the free 
ammo-acid nitrogen normally constitutes only about 1 per cent 
of the total nitrogen of the human unne, it is evident that the gaso- 
metnc method is here of value only for determining an abnormally 
high content of ammo-acids For the detection of a significant 
increase it is adequate It also possesses the advantage, over the 
formol method, that it cannot be affected by the occurrence of 
abnormally large amounts of organic acids m the unne For this 
reason we have descnbed a form of the gasometnc method which 
we have found practicable, although it is not ordmanly so accurate 
as the formol method for free ammo-acid nitrogen, especially m 
the form m which the latter has been recently developed by Bene- 
dict and Murlm 4 

DETERMINATION OF TOTAL (FREE AND CONJUGATED) AMINO-ACID 
NITROGEN IN THE URINE 

In this estimation hippunc acid, peptides, albumin, etc , are 
hydrolyzed, while urea is decomposed into ammonia and carbon 

4 Proceedings of the Soc of Exp Biol and Med , ix, May, 1912 
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dioxide by heatmg with dilute sulphuric acid under pressure 
The ammonia is then boiled off, removing both the preformed 
ammonia and that from the decomposed urea, and the ammo nitro- 
gen is determined m the residual solution One can obtain very 
accurate results -with this method 
To 75 cc of urme m a large test tube one adds 2 5 cc of concen- 
trated sulphuric acid The urme is then heated m an autoclave 
at 175° for an hour and a half 5 6 * 8 It is then transferred to a 300 
cc Jena Erlenmeyer, 5 to 6 grams of powdered calcium hydrate 
are added, with a piece of paraffin to prevent foammg, and the 
mixture is boiled until the vapors no longer turn red litmus blue 
If necessary, water is added to keep the solution from going dry 
before this point is reached Usually all the ammonia is driven 
off within about an hour, but sometimes a urme is encountered 
which requires twice as long 

The hydrolyzed urme is filtered through a folded filter mto an 
evaporatmg dish, the precipitate, consisting of calcium sulphate, 
hydrate, etc , being washed ten times with hot water The filtrate 
is concentrated on the steam bath to a volume of a few cc and 
filtered from the small amount of calcium salt, which has settled 
out, into a 25 cc measuring flask One can then perform dupli- 
cate ammo determinations m the usual way 6 on 10 cc portions 
The total ammo mtrogen m normal urines appears to be quite 
constant at 1 5 to 2 5 per cent of the total nitrogen More than 
3 per cent we have encountered only m pathological cases, m which 
the high results are usually due to albumin 
About a full working day is required by the above method to pre- 
pare the urines for the final determination, but durmg a large part 
of the time (heatmg m autoclave, concentrating on water bath) 
but little attention is required As many urines can be prepared 
at the same time as the autoclave will hold tubes, the ammonia 
from all being boiled off at the same time on a hot plate 
The following results indicate the accuracy of the method Tuo 

5 The quantitative decomposition of urea under these conditions was 
demonstrated by Benedict and Gephart (Journ Amer Chem Soc , 1909) 

and confirmed by Levene and Meyer (ibid) The new method of Benedict 

(decomposition of the urea m a KHSO 4 melt) is not applicable here 

8 Van Slyke this Journal, ix, p 185, cf , also, preceding article on improve- 
ments in the method 
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75 cc portions of normal unne were analyzed as described, 0 1835 
gram of Kablbaum’s alanine having been added to one portion, 
the other serving as control The solutions, at the end of the analy- 
sis, were brought to 25 cc and the ammo nitrogen determined, as 
usual, m 10 cc portions 



N 

' 

TEMPER- 

ATURE 

PRESSURE 

NHr-N 

ALANINE Nl 
FOUND 

ALANINE N 
PRESENT 


cc 

degrees C 

mm 

mgm 

mgm 

mgm 

Unne I 

9 0 

21 

758 

5 09 



Unne II 

9 0 

21 

758 

5 09 



Unne — Alanine I 

29 4 

20 

757 

16 67 

msm 

11 55 

Unne — Alanine II 

29 1 

19 

756 

16 56 

m 

11 55 


The fact that the autoclave treatment effects a practically com- 
plete cleavage of hippunc acid is shown by the following One 
gram of sodium hippurate was dissolved m 75 cc of water with 
2 5 cc of concentrated sulphuric acid and heated one and a half 
hours m the autoclave The solution was then diluted to 100 cc 
and determinations of the total nitrogen present made upon 20 cc 
portions, those of the ammo nitrogen upon 10 cc portions 


TOTAL NITROGEN 

AMINO NITROGEN 

Found | 

Calculated 

U 

Found 

Calculated 

0 0693 

0 0696 

0 0685 



The complete hydrolysis of a soluble protem effected by the auto- 
clave treatment is shown by the following results One gram of 
air-dned proto-albumose was dissolved in 75 cc of water, the 
remainder of the treatment being that described above in the hip- 
punc acid expenment The total nitrogen found was 0 1484 
gram, the ammo nitrogen was 0 1025 gram, or 69 1 per cent of the 
total In proto-albumose, completely hydrolyzed with boiling 
hydrochlonc acid, 69 13 per cent of nitrogen in ammo form was 
found 7 "While all proteins may not be hydrolyzed with the same 
degree of absolute completeness, it may be stated with confidence 
that the amount of unhydrolyzed albumin left m a unne after the 
autoclave treatment for destruction of urea will be minimal 


7 Levene, Van Slyke and Birchard this Journal, x, p 68,1911 
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DETERMINATION OP FREE AMINO-jioID NITROGEN 

The atmno-acids, when treated with nitrous acid under the con- 
ditions used for ammo nitrogen determination, 8 give off in two to 
five minutes 100 per cent of their nitrogen Urea under the same 
conditions requires about eight hours to react completely In 
two to five minutes it gives off only 3-4 per cent of its nitrogen, and 
the reaction continues for a considerable time without appreciable 
change m the volume of nitrogen evolved per minute This rate 
is also unaffected by the presence of reactmg ammo-acids By 
taking advantage of the slow and regular rate at which urea reacts, 
one can determine m its presence the nitrogen of the almost instan- 
taneously reactmg ammo-acids, making a correction for the small 
percentage of urea which reacts within the short time required 
for the determination 

The ammonia must first be removed, and the determinations of 
NH r and NHj-mtrogen can be conveniently combined W e found 
distillation with calcium hydrate under diminished pressure the 
most satisfactory means for removing and determining the am- 
monia The apparatus and technique used are the same as de- 
scribed for the determination of amid nitrogen m proteins 9 
Fifty or 100 cc of urme, with an equal volume of 95 per cent alco- 
hol and enough of a 10 per cent calcium hydrate suspension to give 
a strongly alkaline reaction, are placed m a double-necked distill- 
ing flask of 500 cc or 1 liter capacity, and distilled as described, 
until all the alcohol has been driven off This point is reached in 
twenty to thirty minutes and is indicated by vigorous foammg of 
the solution It is essential that the removal of the ethyl alcohol 
be practically complete, as when mixed with nitrous acid it gives 
off vapors or gases which are only with difficulty absorbed by the 
permanganate solution 

The distillation bemg finished, the calcium hydrate and salts 
are dissolved by the addition of 2-3 cc of glacial acetic acid The 
urine is now transferred to a measuring flask and made up to its 
original volume of 50 or 100 cc Of this, 10 cc portions are used 
for the amm o determination It is of no advantage, except m 

* Van Slyke Quantitative Determination of Aliphatic Ammo Groups, 
this Journal, ix, p 185, xu, p 275 

’Van Slyke this Journal, x, p 21 
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unusually dilute urines, to concentrate the urine so that relatively 
more can be used for the determination The limit of accuracy 
of the determination depends upon that of the urea correction, ana 
the absolute error of this is increased m proportion to the concen- 
tration of the urea, so that there is little or nothing to gam m per- 
centage accuracy by increasing the volume of gas to be measured 
The ammo determination and the correction for the urea are now 
made as follows One ammo determination is performed, the dura- 
tion of the reaction being the shortest time m which, at the preva- 
lent temperature, ammo-acids will react completely Immediatelj 
thereafter the determination is repeated under the same precise 
conditions, except that the reaction is contmued for exactly twice 
as long The increase m volume obtained, by doubling the re- 
action time, represents the amount of nitrogen evolved from the 
urea during half the time of the second determination, or, the entire 
duration of the first It is, therefore, the correction which must 
be subtracted from the first result in order to leave only the 
nitrogen obtained from ammo-acids Ammo-purmes and ammo- 
pynmidmes react slowly, like urea, and consequently if present 
will not be determined with the ammo-acids 

In the preliminary description of the method, when the original 
hand-manipulated apparatus was employed, six and twelve minutes 
were the durations used for the two determinations The more 
efficient action of a rapidly shaken motor-driven apparatus en- 
ables one to cut the time down, to the following for temperatures of 
15 to 20°, four and eight mmutes, for 20 to 25°, three and six min- 
utes, for over 25°, two and four minutes During the shorter of 
the two determinations the reacting solution is shaken constantly 
and rapidly During the longer determination it may either be 
shaken constantly, or, during the first half mmute (to mix the solu- 
tions) and the last two minutes (to drive out all the nitrogen 
formed) It is particularly essential that the shaking should be 
rapid during the last mmute, m each case, so that the nitrogen 
formed up to the end of the interval maj’’ be at once driven out 
The volumes of acetic acid and nitrite solution used and the 
volume of mtrous acid solution m the deaminizing vessel when the 
urme is run in, must here be accurately the same m each pair of 
determinations, and not roughly measured, as may be the case 
in ordinary ammo analyses Exact measurement of the reaction 
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time is also essential and is easy to attain with a stop watch In 
order to make the starting points for the time measurement as 
sharp as possible, we run the urine into the deaminizing vessel 
rapidly until only a few tenths of a cubic centimeter remain to be 
added The w'atch is then started, while the remaining small 
portion of the solution is added more cautiously 
The approximate constancy of the reaction rate of urea during 
at least the first eight mmutes, at a given temperature, is illus- 
trated by the following figures The solution used contained 2 
per cent of urea, about as much as an average human urine 


DURATION OF 
REACTION 

TEMPERATURE 

N 

N PER MINUTE 

minutes 

itQTtti C 

cc 

C C 

3 

25 

9 8 

3 27 

6 

25 

19 5 

3 25 

4 

25 

13 2 

3 30 

8 

25 

26 2 

3 28 

3 

19 

5 8 

1 93 

3 

19 

6 0 

2 00 

6 

19 

12 0 

2 00 

6 | 

19 

11 6 

1 93 


The following determinations indicate that approximate results 
for ammo-acid nitrogen can be obtained m the presence of a great 
excess of urea, making the correction for urea m the manner de- 






CORRECTION 
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DURATION OF 

TEMPER- 

PRESSURE 

N 
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N FROM 
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UREA N 

Aliiuvinb 
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minutes 

decree* C 

mm 

cc 


CC 

CC 

3 

24 

752 

22 6 


8 7 

13 9 

14 2 

6 

24 

752 




3 

24 

752 

23 1 


8 5 

14 6 

14 2 

6 

24 

752 

31 6 
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24 

752 

23 3 1 


8 4 

14 9 

14 2 

6 

24 

752 

31 7 j 
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760 
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760 

33 5 
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13 6 
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29 

760 
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760 
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9 6 
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4 

29 

760 

33 4 J 
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seabed above The solution used contained 2 grams of urea and 
0 5 gram of alanine per 100 cc The proportion of urea nitrogen 
to ammo-acid nitrogen was 12 1 Three pairs of determinations 
were performed on each of two different days, on which there were 
5° difference m the room temperatures The solution was kept at 
0° during the interval m order to prevent the rapid deaminization 
which bacteria can accomplish 

As a further control, 200 cc of normal human urine, containing 
0 574 gram of nitrogen per 100 cc , were freed from ammonia as 
previously described (ammonia nitrogen = 0 021 gram per 100 cc ) 
Determination of the free ammo nitrogen in this urine showed that 
the amount present was too small to detect Two-minute deter- 
minations at 29° gave 4 0, 4 0, 4 3 cc of N, four-mmute determina- 
tions gave 8 1, 8 4, 8 4 cc One-half gram of alanine was dissolved 
m 100 cc of the urine, which was then freed from ammonia, 
brought back to 100 cc , and used for the following determinations 
The temperature was 19°, pressure, 760mm 


DURATION OF 
REACTION 

N 

N FROM 
AMINO- ACIDS 

CALCULATED FOR 
ALANINE PRESENT 

ERROR 

minutes 

cc 

CC 

CC 

CC 

3 

6 

17 8] 
22 1J 

1 

13 5 

13 8 

-0 3 

3 

6 

18 0) 
22 7J 

f 

13 3 

13 8 

-0 5 

3 

6 

18 31 
22 5j 

r 

14 1 

13 8 

+0 3 


ANALYSES OF HUMAN NORMAL AND PATHOLOGICAL URINES 

The analyses tabulated were earned out as described above 
except that most of the determinations of free ammo-acid nitrogen 
were performed by the earher modification 10 used before the im- 
proved apparatus for determining ammo nitrogen 11 was available 
When the results for total ammo-acid nitrogen were checked with 
Sorensen's formol method, 10 cc of the 25 cc of final solution were 
used for the gasometnc determination and an equal portion for 

10 Ber d deutsch chem Gesellsch , xiiv, p 1685, 1911 

11 This Journal, xn, p 275 
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the formol titration The formol results, though m some cases 
not appreciably different from the gasometnc, were as a rule mark- 
edly higher, the maximum difference being equal to 1 per cent of 
the total nitrogen of the urine 

The higher results for the formol method may be due to the 
presence of orgamc acids, which are prejudicial to its accuracy It 
appears doubtful that, as a rule, this source of error is sufficient 
to cause a clinically or scientifically significant deviation m the 
formol results, although a positive statement can not be made until 
the formol and gasometnc methods have been used together on a 
larger and more varied collection of urines 

The total (free + conjugated) ammo-acid nitrogen bears a 
fairly constant relation to the total nitrogen All the normal and 
most of the pathological unnes contam not less than 1 1 nor more 
than 2 8 per cent of their nitrogen m this form The only cases 
m which 3 per cent was exceeded were those of nephritis and the 
arthritic cases, which also usually have albumen m the urine 
The probability that all the abnormal ammo nitrogen obtained 
was freed by cleavage m autoclave is shown by the later cases, m 
which the free ammo nitrogen was also determined This is not 
high even when the total ammo nitrogen of a nephritic reaches 24 
per cent Aside from nephritic cases, one cancer case gave a very 
high figure, 6 07 per cent Unfortunately we had no determina- 
tion of the free ammo nitrogen m this case Two cases of liver 
cirrhosis gave entirely normal values 

The free ammo nitrogen never exceeded 1 5 per cent m thelimited 
number of cases m which it was determined 


NO 

CASE 

1 

TOTAL N 
PER 100 CC 1 
TJRINE 

TOTAL NHs 
PER 100 
GRAMS N | 
(Gaso- 1 
metric) ; 

TOTAL NHj 
PER 100 1 

GRAMS N 
(Formol) 

FREE NHi 
PER 100 
[ GRAMS N 
(Gaso- 
| metric) 

1 

Normal 

! 0 300 

2 so 



2 

Normal 

1 0 808 

1 95 

2 45 


3 

Normal 

I 0 925 

1 80 

2 76 


4 

Norma! | 

0 780 

1 86 

2 45 


5 

Normal 

1 336 

2 02 

2 42 


31 

Normal 

0 941 

1 77 1 


0 3 

35 

1 Normal 

1 

1 043 j 

1 14 
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NO 

CASE 

TOTAL N 
PER 100 CC 
URINE 

TOTAL NHl 
PER 100 
GRAMS N 
(Gaso- 
motrlc) 

TOTAL NHl 
PER 100 
GRAM3 N 

(Formol) 

FREE NH* 
PER 100 
GRAMS N 

(Gaso- 

metrlc) 

36 

Normal 

0 623 

2 81 


1 5 

37 

Normal 

0 491 

2 12 


0 3 

38 

Normal 

1 470 

1 28 


0 5 

39 

Normal 

0 613 

2 70 


0 5 

40 

Normal 

0 624 

2 41 


0 2 

50 

Normal 

1 067 

1 28 



5 

Cancer of antrum 

0 347 

2 10 



32 

Carcinoma of breast 

0 702 

6 07 



44 

Carcinoma of laryn\ 

1 485 

2 29 


1 5 

51 

Carcinoma of larynx 

1 382 

2 38 



2 

Arthritis 

0 585 

2 39 



6 

Arthritis 

0 580 

5 66 



11 

Arthritis 

0 363 

S 26 



12 

Arthritis 

1 201 

3 60 

3 97 


13 

Arthritis 

1 112 

2 26 

2 34 


14 

Arthritis 

0 901 

2 17 

2 73 


15 

Arthritis 

0 454 

1 90 



20 

Gout 

0 568 

3 87 

3 89 


1 

Multiple sclerosis 

0 655 

1 65 



7 

Multiple sclerosis 

0 396 

2 51 



8 

Multiple sclerosis 

0 943 

1 32 



3 

Paralysis agitans 

1 813 

1 54 



16 

| Anterior poliomyelitis 

1 283 

1 34 

1 83 


46 

Syphilis 

0 745 

2 92 



55 

Hypophysis disease 

0 364 

1 55 



4 

Progressive muse dystrophy 

0 728 

| 1 92 

: 


9 

Progressive muse dystrophy 

1 054 

1 82 



17 

Progressive muse dystrophy 

0 959 

2 33 

2 48 


33 

| Progressive muse dystrophy 

1 470 

1 83 



41 

Progressive muse dystrophy 

1 267 

2 03 


1 1 

47 

Progressive muse dystrophy 

0 415 

1 82 


1 5 

49 

Progressive muse dystrophy 

1 923 

1 37 


0 5 

52 

Progressive muse dystrophy 

1 210 

1 61 


0 3 

54 

Progressive muse dystrophy 

0 434 

1 21 


0 8 

34 

Liver cirrhosis 

0 889 

1 92 


0 6 

45 

Liver cirrhosiB 

0 455 

1 68 


0 8 

42 

Nephritis 

0 781 

2 00 


1 2 

43 

Nephritis 

0 654 

2h SO 


1 2 

53 

Nephritis 

1 497 

7 58 


2 U 

56 

Nephritis 

0 364 

1 55 



57 

Nephritis 

1 120 

1 62 
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Analyses of dog urines 



TOTAL N I 

TOTAL NHj 
! PER 100 

TOTAL NH* 
PER 100 
grams N 

FREE NHl 
PER 100 


FTTlKiT?! 

| ORA MB N 

GRAMS N 


URINE 

(G&so- 




metric) 


metric) 

Normal dog (urine diluted) 

0 625 

. 

1 07 ! 

1 79 


Normal dog (unne diluted) 

Dog fed glycine anhydride (urine 

1 294 

1 05 

0 92 


diluted) , 

*Dog poisoned 10 days with chloro- 

0 168 

39 80 

39 20 


form 

*Dog poisoned 11 days with chloro- 

2 711 

1 78 



form 

1 523 1 

1 92 



'Dog poisoned with chloroform and 
phosphorus (urine diluted) 
Normal dog fed 2 grams rfZ-phenyl- 

! 

o m \ 

1 59 



alamne (unne diluted) 

Normal dog fed di-aspartic acid 

0 226 

8 50 



(urine diluted) 

Gastrectomized dog, normal diet 

0 125 

2 38 


' 

(urine diluted) 

Gastrectomized dog, normal diet 

0 188 

1 91 


i 

(urine diluted) 

0 406 

I 90 



Gastrectomized dog, normal diet 
(urine diluted) 

Gastrectomized dog, normal diet 

0 219 

2 78 

' 


(urine diluted) 

Dog which had recerv ed 12 grams of 

0 415 

2 02 



d(-alanine intravenously 20 min- 
utes before cathetenzing 

0 445 1 

53 00 


52 40 



„ 

-- — 

— — 


•Urine furnished by Dr Dochez 


It was a cause for surprise that the dogs poisoned with chloro- 
form and with chloroform and phosphorus, gave urines containing 
only the normal small percentage of ammo nitrogen, although the 
livers of these animals were degenerated to an extreme degree 
These results indicate that even rapid degeneration of the liver 
may not result m excretion of ammo-acids The two cases of 
human liver cirrhosis also showed only normal ammo nitrogen in 
the urine 

The non-utilizability of glycine-anhydnde m the organism is 
strikingly shown by the tremendous excretion of conjugated ammo- 
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acid nitrogen following its administration The permeability of the 
kidney for ammo-acids, when injected directly into the blood, is 
shown by the last result It does not indicate that the organism 
fails to utilize ammo-acids even thus mjected, however, for only 1 5 
grams of the 12 grams of alanine injected were excreted unchanged 



ON THE OCCURRENCE OF METHYL GUANIDINE IN THE 
URINE OF PARATHYR01DECT0MIZED ANIMALS 

Bt W F KOCH 

( From the Laboratory of Physiological Chemistry, University of Michigan ) 
(Received for publication, July 2, 1912 ) 

The experiment described m this paper was designed to deter- 
mine whether guanidine could be detected in the urine of animals 
subjected to thyro-parathyroidectomy 

On May 8, the thyroid and parathyroid glands were removed 
from a dog weighing 18 5 kgms On May 10, at 11 a m , fibrillary 
twitchmgs were noted m his body muscles The symptoms in- 
creased m violence until at 9 15 p m he died m severe tetany 
During this penod he excreted 2250 cc of urine, which was exam- 
ined as follows 

The kynuremc acid was removed with hydrochloric acid The 
protem-like substances were precipitated from the acid filtrate 
with 20 per cent tannin solution The tannin excess was removed 
with banum hydroxide, the barium excess with sulphuric acid 
and the excess of the latter with lead oxide The resulting filtrate 
was then treated with a hot saturated solution of sodium acetate 
and mercuric chloride until no more precipitate formed, according 
to the method of Engeland 1 The precipitate was then filtered off, 
washed with a cold saturated solution of mercuric chloride and 
sodium acetate, treated with hot dilute hydrochloric acid and the 
soluble portion filtered from the insoluble The filtrate uas then 
decomposed with hydrogen sulphide and filtered The resulting 
filtrate was evaporated to a thick syrup and extracted with methyl 
alcohol The extract was then filtered from inorganic salts The 
methyl alcohol was evaporated from the filtrate, the residue 
extracted with ethyl alcohol, filtered from insoluble residue and 

1 Zeilschr f physiol Chem , lvn, p 49 
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again extracted with alcohol This process v. as repeated until no 
more creatinine and ammonium salts w ere dissolved The results 
mg alcoholic solution was treated with 20 per cent platmic chloride 
until no more precipitate occurred The precipitate was then 
filtered off 

The filtrate was decomposed with hydrogen sulphide, the plati- 
num sulphide removed, the filtrate evaporated to a thick syrup 
and treated with a 30 per cent solution of gold chlonde 
The platmic precipitate was suspended m v, ater, decomposed 
with hydrogen sulph de and the platinum sulphide filtered off 
To the resulting liquid a 30 per cent solution of gold chlonde w as 
added 

From the gold solution from the platmic filtrate, after standing 
in the desiccator for several days, a nch crop of beautiful needles 
formed and were filtered off In the course of another day a 
second precipitate of needles and cubes occurred These were 
separated mechanically as far as possible and fractionally crystal- 
lized From the mother liquid, on further standing, another 
precipitate, apparently only of cubes and plates, formed Both 
fractions of needles on recrystallization showed the same melting 
point, namely, 198°C (uncorrected) They possessed also similar 
solubilities m water and ether and were therefore combined 
From the gold solution of the platinum precipitate a crop of 
needles crystallized These were filtered off In the course of 
twenty-four hours another precipitate of both needles and rhom- 
boid plates was obtamed The needles and plates were frac- 
tionally crystallized and both yields of needles, which possessed 
the same melting point (198°C ), were united 

Owing to the similarity m the melting pomts and the solubilities 
of the needles of both the platmic filtrate and precipitate, they were 
united and weighed, the total yield bemg 4 3 grams They were 
recrystallized from hot dilute hydrochloric acid and a portion dried 
m the air and later at 90° for melting point and gold content deter- 
minations At 198° they melted to a red brown liquid 

Analysis (a) 0 0S4 gram substance gave 0 0402 gram Au 
(b) 0 1635 gram substance gave 0 078 gram Au 

Calculated for Found 

C1H7N1 HCT.AuCl 

47 7 


Au 


Co) 

47 86 


(b) 

47 71 
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Complete analyses have not been made but the meltmg point 
and gold percentage identify the substance as methyl guanidine 
aurochloride 

From the remaining gold solution of the platmic precipitate 
after standing several days m the desiccator and after coolmg at 
a temperature of 30° for twelve hours a yield of about 2 grams of 
crystals was obtained These were found to melt in a peculiar 
manner after recrystalhzation and drying At about 180° they 
gradually became cloudy and between 207° and 208 r >° melted to 
a brown oil Finally about a gram of pnsms melting at 310°C 
n ere obtained They will be further studied 
Methyl guanidine was first isolated from normal human urme 
by Kutscher and Lohman - From 100 liters they obtained about 
4 grams as the aurochloride Later Engeland 3 isolated 2 1 grams 
of the gold salt from 28 liters of normal urme From 11 liters of 
normal dogs' urme Achelis 4 isolated 0 122 gram as the picrolonate, 
corresponding to about 0 04 gram of the free base per liter of urme 
These results correspond to about 0 07 gram of the gold salt per 
liter of normal urines, both of man and dog In the case noted 
above the yield was considerably in excess, namely, 1 9 grams as 
the gold salt per liter The greater part was probably excreted 
on the day of the ammal's death smce no symptoms were noticeable 
until ten hours before death During the last five hours he passed 
only a few cubic centimeters of urme On microscopic examina- 
tion of the kidney, the cortex was found to be very hyperemie and 
hemorrhagic Many of the glomeruli had become blood islands, 
with complete loss of Bowman’s capsule It is not surprising 
that under these conditions little unne was passed during the hours 
just preceding death, a probable indication that, since the kidney 
function had been inhibited, whatever methyl guanidine might 
have been formed must have accumulated m the blood 

Further investigation is being carried on concerning the extent 
to which methyl guanidine is responsible for the symptoms and 
death of the parathyroidectomized animals and concerning the 
nature of the other bases which our work has shown to be present 
I take pleasure m expressing my gratitude to Dr Vaughan, Dr 
Huber and Dr Novy for their kind interest and many helpful 
favors rendered during the course of the work 

3 Zeilschr f physiol Chem , xhx, p 81 
5 Ibid , lvu, p 49 

4 Ibid , 1, p 10 
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A SMALL RESPIRATION CALORIMETER 
Plates II-IV 
By H B WILLIAMS 

{From the Physiological Laboratory, Cornell University Medical College, New 

York ) 

(Received for publication, July 17, 1912 ) 

It is the purpose of this paper to describe briefly an apparatus 
for studying the energy metabolism and gaseous exchanges in 
infants and small animals, and to give an account of the control 
experiments which have been made with the apparatus m order to 
determine the magnitude of the errors to which the various meas- 
urements are liable 

The apparatus is a constant-temperature, water-cooled calori- 
meter 

The removal of the heat is brought about by a constantly flowing 
stream of water Considered as a respiration apparatus, it is of 
the closed circuit type of ftegnault and Reiset 1 In its general 
plan it is based on the type of apparatus developed by Atwater 
and Rosa 2 and embodies many of the structural features which 
have been introduced by Benedict 3 A complete and detailed 
description of the apparatus would expand the paper beyond the 
scope of a journal article The plans of the larger calorimeters at 
Middletown and at Boston have been described m great detail m 

1 Regnault and Reiset Ann d. Chem u Pharm , Ixuu, pp 92, 129, 
257, 1850 

* Atwater and Rosa Description of a New Respiration Calorimeter, U S 
Department of Agriculture Bull 63, 1899 

J Atwater and Benedict A Respiration Calorimeter, with Appliances 
for Direct Determination of Oxygen, Carnegie Institution of Washington 
Publication 42, 1905 
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various bulletins of the Department of Agriculture and of the 
Carnegie Institution of Washington 4 It seems, therefore, that a 
descnption of the apparatus m general terms, with the assistance 
of photographs, will make clear our experimental procedure to any- 
one who is at all familiar with the publications above referred to 
From these publications also may be obtamed a full account of 
the methods of calculating the results Certain special features 
of the small calorimeter will be described m greater detail 

As in the larger mstruments of Atwater, Rosa and Benedict, 
the respiration chamber consists of a rectangular copper box 
The inside dimensions are approximately 66 cm wide, 76 cm 
high and 96 cm long The capacity of the chamber is approxi- 
mately 480 liters 

In the front of the chamber is a window for the entrance of the 
subject This window is closed with two glass plates and hermet- 
ically sealed with wax during the experiments The copper 
chamber is supported withm a framework of structural iron, which 
gives it great rigidity 

The actual metallic connection between the copper box and the 
iron frame has, however, been limited to a relatively small number 
of points so as to diminish the tendency for heat to pass to and fro 
between them m case of a difference in temperature Surrounding 
the iron framework is a second wall of zinc Seventy-two wooden 
spools, each carrying four thermo-couples, pass between the copper 
and zinc walls and are used after the method of Rosa to indicate 
differences in temperature between the walls of the inner and outer 
chambers The passage of heat through these walls in either 
direction is avoided by altermg from time to time the temperature 
of the zinc, and with it that of the iron work with which it is directly 
connected, so that no sensible difference in temperature shall pre- 
vail between them and the copper wall of the chamber Under 
these circumstances the gradient is nearly zero and there will he 
but little tendency for heat-energy to pass in either direction 

For that reason the wall is said to be adiabatic The thermo- 
couple system serves to indicate to the operator when to change 

4 Atwater and Rosa loc cit , Atwater and Benedict loc cil , Benedict 
and Carpenter Respiration Calorimeters for Studying the Rcsjnra 0T ^ 
Exchange and Energy Transformation of Man, Carnegie Institute of as ing 
ton Publication 123, 1910 



H B. Williams 


3W 


the temperature of the zinc wall and how nearly alike the zinc and 
copper are at any moment To permit this control to be exercised 
the parts just described are enclosed within a third wall composed 
of a sheathing of asbestos and cement, lined with a layer of cork 
several centimeters thick 

Between the inner surface of the cork and the zinc wall an air 
space of about 6 centimeters is left Within this air space runs a 
system of copper tubes through which cold water is allowed to 
circulate during the entire experimental time This water is so 
cold that it can maintain the zinc wall and the iron frame always 
cooler than the lowest temperature which it is proposed to allow 
the copper chamber to assume Parallel to the copper tubing 
runs a system of mangamn resistance wires, insulated with enamel 
and supported on porcelain knobs By passing an electrical cur- 
rent through these wires the effect of the cold water m the tubes 
can be wholly or partially neutralized The extent of the heating 
effect can be accurately controlled by the operator by the manip- 
ulation of a ballast resistance m series with the wire As in the 
later apparatus of Benedict, the air space between the outer and 
middle walls has been divided up into compa, tments, each with 
its own separate system of water pipes and heating wires The 
thermo-couple system can be made to indicate the condition of 
the walls of the top, sides and bottom, separately, or of the entire 
wall 

In this instrument the adiabatic control has proven adequate, 
but the presence of so large an amount of structural iron between 
the walls, while giving great rigidity, makes necessary great care 
m manipulation to avoid errors, and m the construction of such 
apparatus it would probably be better to use less iron, or even 
preferably none at all, and to construct the framework of materials 
which have less heat capacity and less conductivity The extent 
to which the adiabatic control is able to prevent gam or loss of heat 
in spite of the presence of so much structural iron m the frame will 
be made evident m the discussion of the control experiments 

To maintain the temperature of the inner chamber at a constant 
level with a source of heat inside it, the heat must be removed as 
fast as it is eliminated by the source and no faster This is accom- 
plished by permitting water to flow at a constant rate through a 
system of piping within the copper chamber The temperature 
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of this water is so regulated as to secure the removal of heat at 
the rate at which it is given off by the subject of the experiment 
The total amount of water which flows during an experimental 
period is collected and iveighed The temperature of the water 
is measured at the point where it enters the inner chamber and at 
the point where it leaves by means of two specially calibrated 
mercurial thermometers which are read every four minutes 1 * * * 5 
These thermometers can be read to 0 01°C The average differ- 
ence m temperature multiplied by the wmight in Kilograms of the 
water used during an experimental period is a measure of the heat 
removed m tins manner 6 in large calories at the mean temperature 
of the flowing vmter 

As the standard calorie for work of this nature, Atwater and 
Rosa adopted the amount of heat required to warm one Kilogram 
of vmter from 19 5°C to 20 5°C This amount of heat is different 
from that required to w’arm a Kilogram 1°C at 0° or at 15° on 
account of the fact that the specific heat of water varies with change 
of temperature 

In the neighborhood of 20° this variation is slower than at tem- 
peratures somewhat higher or lov r er In case the mean temperature 
of the flowing wmter differs much from 20° it W'ould be necessary 
in accurate w ork to make a correction for the variation of the 
calorie, but in all of our experiments as w ell as in the controls the 
mean temperature has been very little different from 20° and such 
a correction is superfluous 

Despite the effort to maintain a perfect balance between the 
rate of heat elimination and the rate of its removal from the 
calorimeter, there will in general be slight changes in temperature 
of the copper wall To measure these changes a system of e ee 
trical resistance thermometers enclosed in small copper boxes 
has been soldered to the outside of the copper chamber between i 
and the zinc wall These are six in number and being wi e ) 
distributed over the surface they integrate the temperature o ie 

1 The water thermometers were calibrated by comparison with 

Richter thermometers The standards can be read with a glass 0 ^ 

and were certified by the Plijsikalische technische Reichsnnsta 

"ohne wesentliche Fehler” in 1910 „ s latent 

e p ar t of the heat may be removed in the ventilating air curren 

heat of vaporization of water See belon 
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wall Since, in raising or lowering the temperature of the zinc 
wall to maintain it at the same temperature as that of the copper 
wall, the zinc and iron frame work may receive (or give up) heat 
from either the copper w all or the outer air space, the hydrothermal 
equivalent of the apparatus cannot be determined by calculation, 
but must be found experimentally The method of determining 
this factor has been described by Atwater and Benedict 7 and by 
Benedict and Carpenter 8 

The determination of the amounts of carbon dioxide and water 
vapor eliminated by the subject and the quantity of oxygen ab- 
sorbed is accomplished m much the same manner as m the larger 
instruments b\ maintaining w ith a rotary pump a continuous flow 
of air into and out of the apparatus As the air is removed it 
passes successively through a sulphuric acid wash bottle to remove 
the moisture, then o\ er moist granular soda-lime to remove carbon 
dioxide and finally through another sulphuric acid wash bottle 
to remove moisture v hich the air current maj have taken up from 
the moist soda-lime 

The air thus purified is returned to the chamber It is evident 
that on account of absorption of oxygen by a subject (animal or 
alcohol lamp), the volume of gas within the apparatus, provided 
no change m temperature or pressure occurred, would become 
continually less and that it w ould contain a constantly diminishing 
percentage of oxygen Following the method employed m the 
calorimeters at Boston we have provided that the pressure within 
the apparatus shall always be the same as that of the external 
atmosphere, by connecting the interior of the box with a large 
tambour, covered with a soft rubber cap To this is attached a 
pointer which serves as a volume indicator as well as for the purpose 
of automatically admitting oxygen from a cylinder by closing an 
electrical contact whenever the volume of the rubber bag dimin- 
ishes below a predetermined point By this means the apparent 
volume of the apparatus is maintained nearly constant throughout 
the experiments The current of air as it leaves the apparatus is 
made to pass over one end of a system of thermo-couples and the 
entering air over the other end The entering air is then cooled or 
heated as may be necessary to keep its temperature always the 

7 Loc cil , p 152 

* Loc ext , p 52 
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of this water is so regulated as to secure the removal of heat at 
the rate at which it is given off by the subject of the experiment 
The total amount of water which flows during an experimental 
period is collected and weighed The temperature of the water 
is measured at the point where it enters the inner chamber and at 
the point where it leaves by means of two specially calibrated 
mercurial thermometers which are read every four minutes 5 
These thermometers can be read to 0 01°C The average differ- 
ence in temperature multiplied by the w r eight m kilograms of the 
water used during an experimental period is a measure of the heat 
removed m this manner 6 in large calories at the mean temperature 
of the flowing water 

As the standard calorie for work of this nature, Atwater and 
Rosa adopted the amount of heat required to warm one kilogram 
of water from 19 5°C to 20 5°C This amount of heat is different 
from that required to warm a kilogram 1°C at 0° or at 15° on 
account of the fact that the specific heat of water varies with change 
of temperature 

In the neighborhood of 20° this variation is slower than at tem- 
peratures somewhat higher or lower In case the mean temperature 
of the flowing water differs much from 20° it v’ould be necessary 
m accurate work to make a correction for the variation of the 
calorie, but in all of our experiments as well as in the controls the 
mean temperature has been very little different from 20° and such 
a correction is superfluous 

Despite the effort to maintain a perfect balance between the 
rate of heat elimination and the rate of its removal from the 
calorimeter, there will in general be slight changes in temperature 
of the copper wall To measure these changes a system of elec- 
trical resistance thermometers enclosed in small copper boxes 
has been soldered to the outside of the copper chamber between it 
and the zinc wall These are six in number and being widely 
distributed over the surface they integrate the temperature of the 

6 The water thermometers were calibrated by comparison with standard 
Richter thermometers The standards can be read with a glass to 0 001 
and were certified by the Phj sikalische techmsche Reichsanstalt to c 
“ohne wesentliche Fehler” in 1910 

6 Part of the heat may be removed in the ventilating air current as laten 
heat of vaporization of w ater See below 



H B Williams 


321 


wall Since, in raising or lowering the temperature of the zinc 
w all to maintain it at the same temperature as that of the copper 
wall, the zinc and iron frame work may receive (or give up) heat 
from either the copper wall or the outer air space, the hydrothermal 
equivalent of the apparatus cannot be determined by calculation, 
but must be found experimentally The method of determining 
this factor has been described by Atwater and Benedict 7 and by 
Benedict and Carpenter 8 

The determination of the amounts of carbon dioxide and water 
vapor eliminated by the subject and the quantity of oxygen ab- 
sorbed is accomplished m much the same manner as m the larger 
instruments by maintaining v, ith a rotary pump a continuous flow 
of air into and out of the apparatus As the air is removed it 
passes successively through a sulphuric acid wash bottle to remove 
the moisture, then over moist granular soda-lime to remove carbon 
dioxide and finally through another sulphuric acid wash bottle 
to remove moisture u hich the air current may have taken up from 
the moist soda-lime 

The air thus purified is returned to the chamber It is evident 
that on account of absorption of oxygen by a subject (animal or 
alcohol lamp), the volume of gas within the apparatus, provided 
no change in temperature or pressure occurred, would become 
continually less and that it would contain a constantly diminishing 
percentage of oxygen Following the method employed in the 
calorimeters at Boston we have provided that the pressure within 
the apparatus shall always be the same as that of the external 
atmosphere, by connecting the interior of the box with a large 
tambour, covered with a soft rubber cap To this is attached a 
pointer which serves as a volume indicator as well as for the purpose 
of automatically admitting oxygen from a cylinder by closing an 
electrical contact whenever the volume of the rubber bag dimin- 
ishes below a predetermined point By this means the apparent 
volume of the apparatus is maintained nearly constant throughout 
the experiments The current of air as it leaves the apparatus is 
made to pass over one end of a system of thermo-couples and the 
entering air over the other end The entering air is then cooled or 
heated as may be necessary to keep its temperature always the 

7 Loc cit , p 152 

8 Loc cit , p 52 
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same as that of the leaving air and so prevent gain or loss of heat 
Within the chamber is a system of electrical resistance thermo- 
meters for determining the average temperature of the air 

From the above general description it can be seen that the appara- 
tus is very similar m principle and construction to the larger 
instruments of its type, but m the carrying out of the details a 
number of modifications were found necessary or desirable We 
may consider first the changes which have been made in the part 
of the apparatus which has to do with the gas analysis 

It was appreciated at the outset that the large porcelain absorb- 
ers used by Benedict for removal of water from the air current 
were so heavy that it would be quite impossible to weigh them with 
sufficient accuracy to determine the small quantities of water it 
was proposed to measure After considering various expedients, 
the form -of glass wash bottle shown in figure 1 was designed 
The air current enters through a central tube which opens below 
within a rosette-hke expansion The lower edge of this tube is 
about 3 mm from the bottom of the rosette The bottom of 
the rosette is about 4 or 5 mm from the bottom of the bottle and 
is pierced near the edge by a senes of holes B arranged m a 
circular row On the upper aspect of the rosette is a second series 
of holes arranged m a circular row marked A in the figure 

The air current on striking the bottom of the rosette is partly 
broken up and deflected upward through the acid within the ro- 
sette It escapes through the series of holes A which have the effect 
of breaking up the larger bubbles into much finer ones No air 
escapes through the holes B in the bottom of the rosette, but as the 
air current continually forces acid with it through the holes A a 
stream of acid constantly enters the rosette through the holes B 
The air leaves the bottle through a tube at the top with a bulbous 
expansion containing an inner bulb marked C This inner bulb 
is pierced along its horizontal diameter by a ring of holes The 
bulb C acts as a baffle to prevent spattering of the acid into the 
tube leading from the bottle 

The senes of holes A and the holes in C are of such a diameter 
that their total area is equal to or slightly in excess of the area of 
the section of the large inflow and . outflow 7 tubes The latter 
have an internal diameter of about 15 mm 

The height of the bottles inside is about 150 mm and the diam 
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eter 95 mm When filled for use they contain 750 cc of sulphuric 
acid and weigh about 1500 grams They can be weighed to 0 01 
gram on the balance ordinarily used and, if desired, by using one 
of the large balances of Sartonus the weighing error could be re- 
duced still more The mixture between the air and acid m these 
wash bottles is extremely intimate and their ability to Remove 
from the air current large quantities of water rapidly and thoroughly 
has more than fulfilled our expectations With the air current 
flowing at the rate of 30 liters per minute a single bottle filled 



with fresh acid has absorbed as much as 25 grams of water per hour 
without permitting a weighable amount to pass it, as w as shown by 
the failure of a second bottle in series wuth it to gam in weight 
Under ordinary working conditions the amount of water seldom 
exceeds 10 grams per hour and the acid is systematically renewed 
before it has become sufficiently spent to endanger loss of w'ater 
In addition to the efficiency tests made m this laboratory, Dr 
Francis G Benedict of the Nutrition Laboratory at Boston has 
kindly examined and tested one of these bottles and has been able 
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to confirm their efficiency m absorbing rapidly the amounts of 
water for which they were designed These bottles are now 
extensively used in the small Benedict respiration apparatus 9 

The size of the soda-lime cans was also diminished in order to 
secure greater accuracy m weighing, 10 and for the oxygen a small 
steel cylinder, weighing about 5 5 kgms has been used 

The oxygen and soda-lime can be weighed to 0 01 gram The 
small oxygen cylmder filled at a pressure of 75 atmospheres will 
suffice for six to eight hours of experimenting on a dog weighing 
16 kilos 

As in the larger calorimeters the admission of the oxygen has 
been made automatic by permitting the rubber tension equalizer 
to operate an electrical contact which would actuate an electro- 
magnet The admission has been made more sensitive by attach- 
ing the contact to the long pointer which magnifies the movements 
of the rubber bag and as a result very little fluctuation in the appar- 
ent volume of the system occurs Oxygen is admitted directly into 
the entering air pipe, an arrangement which insures immediate 
diffusion within the chamber Only at the end of the periods 
when the apparent volume of the system is adjusted to the standard 
point, is oxygen admitted to the rubber bag At such times the 
bag is momentarily shut off from the rest of the system and the 
quantity of oxygen admitted is never great Instead of using 
a Toepler manometer and adjusting the bag to constant tension, 
a scale at the end of a long pointer attached to the bag has been 
used to indicate the volume To determine whether the indica- 
tions of this pointer were reliable the following experiment was 
made 

A two-necked bottle was connected on one Bide with the rubber bag and 
on the other with a burette containing mercury 

By allowing mercury to flow from the burette into the bottle a volume 
of air equal to that of the mercurj will be forced into the bag The volume 
of mercury used can be read off on the burette 


* Benedict and Homans Journ of Med Research, xxu (new senes), p 423 
These bottles were blown for us by E Mnchlett and Sons, East 23rd Street, 
New York 

10 Since this paper was begun the use of metal cans for soda-lime has been 
discontinued and at the suggestion of Dr Benedict large glass bottles are 
employed instead 



H B Williams 


325 


It v as found that the amount of mercury necessary to displace the volume 
of air required to move the pointer from any particular point on the scale 
to nn> other specified point ms al n aj s the same within 0 5 cc Over a wide 
range the deflections of the pointer were strictly proportional to the change 
in volume 

The weight of the pointer is counterbalanced so that it produces 
no compression of the bag The error in adjusting to constant 
volume by this method is very much within the error of weighing 
the amount of oxygen used The pumping action of the rubber 
bag during the periods of one hour between adjustments is quite 
sufficient to insure thorough diffusion of the oxygen thus admitted 
to the bag throughout the system 

In the apparatus for measuring heat several changes have been 
made The air and wall thermometers have been wound with 
pure nickel wire which has a higher rate of resistance change with 
temperature than copper m the proportion of 3 to 2 The air 
thermometers have been given a flat form to economize space 

These thermometers were made by the Leeds and Northrup 
Company of Philadelphia They were calibrated before instal- 
lation in an oil bath in terms of the gas thermometer scale and have 
been given the same resistance and the same coefficient of resist- 
ance change per degree so that mdentical bridge readings on the 
two sets would mean that the temperature of air and v. all were 
the same This has been found helpful to the operator in control- 
ling the apparatus 

In calibrating these thermometers the same copper wire was used 
to connect them together which was subsequently used to connect 
them together m the calorimeter so that its coefficient has been 
taken into consideration The thermometer leads outside the 
calorimeter have been connected m such a manner as to eliminate 
the effect of change in the resistance of the leads with varying 
temperatures The resistance change m these thermometers and 
m the rectal thermometer used m measuring the change in tem- 
perature of the subject of experiment is read on a Kohlrauscli 
rotary bridge 11 The slide wire of this bridge has been especially 
adjusted so that no departures from uniformity in resistance 
exist that will affect the bridge readings by an amount which, 
translated into terms of temperature, would correspond to an error 
of 0 01° 

11 F Kohlrausoh Ann d Physil (Wiedemann's Folge), Ivi, p 177 1895 
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For connecting the three thermometers successively to the bridge 
a special precision rotary switch with silver contacts has been used 
The variations m the contact resistance of this switch are too small 
to affect the accuracy of the thermometric measurements to a 
significant extent The galvanometer used in connection with tms 
bridge and also for making readings of the condition of the thermo- 
couple systems is an instrument of the D’Arsonval type, constructed 
by Siemens and Halske The resistance of the moving system is 
50 ohms and a ballast resistance of 150 ohms built into the instru- 
ment has always been used in series with the system to prevent 
excessive damping and secure rapid readings A thermo-electric 
effect on the galvanometer is noticeable with change m room tem- 
perature Readings were so made as to eliminate this 

A ballast resistance of 100 ohms has been introduced into the 
bridge battery circuit to prevent the possibility of changing the 
resistance of the thermometers by heating from the bridge current 
The galvanometer is amply sensitive to give deflections for a lack 
of balance correspondmgto 0 005° C with this ballast in the battery 
circmt No heating effect in the thermometers is perceptible on 
keeping the bridge circuit closed as long as half a minute though 
this is never done in practice The key is always kept closed suffi- 
ciently long to make sure of the reading and usually the final 
balance is made by rotating the hood of the bridge with the key 
held closed The smallest graduations on the hood of the bridge 
correspond very nearly to 0 01° and temperatures could easily be 
read to 0 001°, but such readings ivould not be reliable All the 
bridge readings are translated into terms of temperature by ref- 
erence to curves 

To enable the operator to control the temperature of the water 
used to bring away heat from the interior of the chamber, the water 
is allowed to flow at a temperature several degrees cooler than it 
is estimated will be necessary and just before entenng the chamber 
it flows over a coil of copper pipe containing an electrical heating 
resistance By manipulation of a ballast resistance m series with 
this, the operator can adjust the heating effect and so control the 
rate of removal of heat from the box As originally constructed, 
the heating resistance was fed directly with current from the fight- 
ing system of the building, and fluctuations m the voltage of this 
current together with variations in the temperature of the cold 
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w ater as it flowed to the heater, caused continual fluctuations m the 
temperature of the inflowing water It was early recognized that 
these fluctuations might lead to errors in the measurement of small 
quantities of heat and an attempt w as made to minimize the evil 
by diminishing the capacity of the water coil within the calori- 
meter so that the coil ivould be emptied tv'o or three times during 
the four-minute intervals between the readings of the water 
thermometers The coil (fig 2) consists of two large inflow and 
outflow tubes, A and B, connected bv a senes of fine copper tubes 
C In length and wadth it is nearly equal to the corresponding 



Fig 2 Water Coil 


dimensions of the copper chamber and is suspended from the top 
of the chamber Just before the water leaves the chamber it 
passes through a small mixer (not shown) 

It was found that even after diminishing the capacity of the 
water coil fluctuations m the temperature of the entermg water 
were not paralleled by corresponding fluctuations m temperature 
of the outflowing water Control experiments on the measure- 
ment of small amounts of heat made at this time indicated that the 
results w r ere not trustworthy The difficulty was finally overcome 
bj feeding the water to the heater at a constant temperature and 
providing for control of the fluctuations m the heating current 


328 


A Small Respiration Calorimeter 


The first condition was secured by allowing the water to flow 
through about twelve meters of copper tubing coiled m a tank of 
water provided with a Gouy temperature regulator 12 similar to 
that employed by Barnes 13 m his calorimetric work on the specific 
heat of water This device insures great constancy m the tempera- 
ture of the water as it leaves the long coil of copper tubing, the 
fluctuations being of the order of 0 01°C either side of the mean 
After leaving the copper coil of the Gouy regulator tank, the w ater 
is brought to the heater through a vacuum jacketed glass tube 
For controlling the fluctuations in the heating current the device 
represented m figure 3 was used 

It consists of a glass bulb with an inner tube reaching nearly 
to the bottom and dipping beneath the surface of a quantity of 
mercury at the bottom Above the mercury the bulb is filled with 
chloroform Surrounding the inner tube and immersed m the 
chloroform, within the bulb, is a coil of manganm resistance ware 
the resistance of which is about one-tenth that of the mam heating 
resistance The ends of this coil are fused to platinum wares 
which lead out through horns of lead glass at the top 

The stopcock at the bottom is for convenience m filling and has 
no other function At the top the inner tube emerges and termi- 
nates m a three-way stopcock above which is a capillary continua- 
tion of the inner tube Just below the stopcock a fine platinum 
wire is fused into the side of the tube The heating resistance and 
the entire bulb of the regulator are enclosed m a brass container 
through which the calorimeter water flows 

The upper end of this brass box is closed with a stopper through 
which the stem of the apparatus passes Two short pieces of 
rubber tubing are tied over the glass horns through which the wares 
from within the bulb emerge The upper ends of these pieces 
of rubber tubing are slipped tightly over the ends of two pieces 
of glass tubing which pass through the stopper of the brass outer 
case In this manner the wires can be led out securely insulated 
from the water The coil within the bulb is connected m series 

12 Gouy Journ d physique, vi, p 479, 1897 , 

13 Barnes On the Capacity for Heat of Water between the Freezing an 
Boiling Points together with a Determination of the Mechanical Equivalen 
of Heat m Terms of the International Electrical Unite, Phil Trans Roy 
Soc , London, Series A , clcix, pp 149-263, 1902 
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with the mam heating resistance as shown m the figure By 
turning the three-way stopcock, the mercury m the bulb can be 
connected with the capillary tube at the top or with a small 
reservoir of mercury at the side When the current is first turned 
on the heater, the cock is always placed so as to connect the mer- 
cury in the bulb with the reservoir After the temperature of the 



ingoing water has reached approximately the correct level, the cock 
is turned so as to put the capillary tube m connection with the 
mercury m the bulb A httle more current is then turned on the 
heater and the immediate effect is to cause an expansion of the 
chloroform by reason of the sudden increase in the heat developed 
m the mangamn wire within the bulb The expansion of the 
chloroform drives mercury up in the capillary tube and closes 
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the relay circuit The operation of the relay opens a short circuit 
around which the mam heating current has been flowing and forces 
the current to pass through a resistance marked “regulating resist- 
ance” in the figure This causes a diminution in the strength of 
current, the volume of the chloroform shrinks, the relay circuit 
is broken and then the cycle is repeated The low specific heat 
and high coefficient of cubical expansion of chloroform result m 
very rapid changes m its volume with change m the amount of 
heat developed m the wire within the bulb, and as long as the 
line voltage remains constant these changes succeed each other 
with great regularity and the mean heating effect of the current 
flowing through regulator and heater is constant 

A fall m lme voltage results m a lessening of the mean volume 
of the chloroform which causes the time of closure of the short 
circuit to become greater and thus compensates for the fall m 
voltage by lengthening the time during which the resistance of 
the circuit is a minimum A rise m voltage results in increase of 
the mean volume of the chloroform with the attendant effect of 
keeping the regulating resistance m series with the heater for a 
greater length of time and thus compensating for the increase m 
current which a rise m line voltage would otherwise produce 

The chloroform responds so quickly to changes m the heating 
effect of the current that regulation takes place before any change in 
the temperature of the flowing water becomes appreciable As 
in the Gouy regulator, the platinum contact wire at the top of 
the capillary tube is kept agitated mechanically to prevent “stick- 
ing” of the mercury 

The original regulator is still m use and has caused no trouble 
over a period of two academic years At its first trial it main- 
tained the temperature of the water constant within 0 05° over a 
period of five hours Three-fifths of this change was traced to 
displacement of the upper contact and over the last four hours of 
the experiment the change was only 0 02° During the course of 
actual experimental work changes of more than 0 01°-0 02 prac- 
tically never occur except when it becomes necessary to change 
the temperature voluntarily 

When this occurs the change is made at the time of reading t e 
thermometers so that an interval of four minutes elapses during 
which conditions may become steady Small changes in tern- 
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perature can be brought about by turning the three-way stopcock 
so as to add or remove small amounts of mercury from the 
capillary tube 

For greater changes the bulb is connected to the reservoir and 
the ballast resistance used as at the beginning of an experiment 

Immediately after making the alterations described above, the 
control experiments on the measurement of small quantities of 
heat became satisfactory 

On account of the slow rate of flow and the small diameter of 
the tubes through which the calorimeter water passes, it was 
decided not to use the city service water which always deposits 
a great deal of sediment, but to use distilled water The supply 
is kept m a large storage tank, A, figure 4, and is raised by a small 
bronze geared pump to the tank, B, figure 5 Tank B is provided 
with an overflow pipe and the water is pumped up rather faster 
than it is needed so that a little always comes back through the 
overflow pipe and the head of the water remains constant 

From B separate pipes bring down the water for cooling the 
interior and for cooling the air space between the outer and middle 
walls The -water for cooling the interior passes down from B 
through a long coil of copper tubing in the tank C, figure 4 This 
tank is heavily lagged with cork and is filled with broken ice 
Leaving tank C at a very low temperature, the water passes 
through the coil of copper tubing m the Gouy regulator tank, 
D, figure 5 Leaving this tank at constant temperature, usually 
about 16°C , it flows through the vacuum jacketed tube F, figure 
5, to the apparatus R, shown m the same figure R contains the 
heating coil and the device shown schematically in figure 3 for 
controlling the heating current From R the water enters the 
calorimeter The entrance and exit of the water is through vacuum 
jacketed glass tubes m which are placed the bent mercurial ther- 
mometers for determining the temperature of the ingoing and out- 
commg water The vacuum jackets have been thoroughly ex- 
hausted with a Gaede mercury pump, the tubes being heated to a 
high temperature during exhaustion to drive off occluded gases 
from the walls The vacuum is of the order of that m a kathode 
tube and the very perfect heat insulation afforded effectively pro- 
tects the thermometers and water current against the influence 
of the higher temperature of the walls and air spaces through which 
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they pass After passing out of the calorimeter the water flows 
over and is collected in the can E, shown m figure 4 suspended from 
the balance At the end of an experimental period, while the water 
m this can is being weighed, the water flowing from the calorimeter 
is allowed to collect m the copper pitcher shown at P, figure 4 

When the weighing is completed the contents of the pitcher are 
i emptied into E after deflecting the water current to this can once 
more The jointed pipe which permits the deflection of the water 
current can be seen just above P in the figure It is shown feed- 
ing into a waste pipe which leads back to the storage tank A 
During the preliminary periods when heat is not being measured 
the water is allowed to take this path At the bottom of E can 
be seen a cock through which the can may be emptied if m the 
course of a long experiment it becomes too full 

The water for cooling the air space between the outer and middle 
walls is refrigerated in a tank similar to C which is not shown in 
figure 4 as it is concealed behind the calorimeter The return 
flow from this system is allowed to run directly back into A 
Below C can be seen a waste pipe for draining off the water from 
melting ice In figure 4, the oxygen cylinder 0 is shown at the 
side of the calorimeter and on top of the calorimeter the magnet 
M, which opens and closes the oxygen inflow tube At the left 
of the magnet is the large tambour or tension equalizer with pointer 
and scale 

At the left of figure 5 is shown the table on which is assembled 
the physical apparatus for determining the temperature of the air 
and walls and that of the subject of the experiment, also the 
various devices for maintaining the adiabatic control 

In the center of the table at Br is the Kohlrausch rotary bridge 
At the left of this is the thermometer swatch marked T S A 
tapping key between the thermometer switch and the bridge is 
used to close the bridge and battery circuits Behind the tapping 
key is a switch for connecting the galvanometer either with the 
bridge or with the thermo-couple system This swatch is provided 
with a pair of contacts for short circuiting the galvanometer At 
the right of the bridge is a second tappmg key m the thermo- 
couple circuit and at the extreme right a rotary switch by means of 
which the various groups of thermo-couples can be connected with 
the galvanometer 
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Fig 4 View of Calorimeter Showing Part of Water Sastem 
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The galvanometer stands on a shelf under the box marked G 
It is read with a telescope and scale shown m the figure with a lamp 
which serves to illuminate the scale The ballast resistances 
for controlling the current m the heating wires m the outer air 
space are mounted on the back of the large slate switchboard 
shown behind the table They are manipulated by the hand- 
wheels at the back of the table The rheostat for controlling the 
current in the water heating resistance is also mounted behind this 
board and is operated by the handwheel at the extreme right This 
rheostat has sixty steps The mounting of the resistances on a 
switchboard m this manner was adopted primarily because it was 
necessary to construct the apparatus is such a manner that it 
nould conform to the requirements of the board of fire under- 
writers The plan has several distinct advantages The heat 
from these resistances, which is considerable, is kept away from the 
apparatus on the table, and since the handles of the rheostats 
are thoroughly insulated, no part of the circuit carrying high 
potential current for heating is connected in any way with the table 
When it is remembered that the apparatus on the table is used m 
connection with a delicate galvanometer the last consideration will 
be seen to be important At the right of the table the mercurial 
thermometers are shown at T, figure 5, and below and behind them 
is a small board of hard rubber on which terminate the wires 
'eading from the thermometer and thermo-couple systems 

Below E is seen a small switchboard of slate on which terminate 
the ends of the 110 volt heating circuits Throughout the con- 
struction no pains were spared to secure thorough insulation and 
substantial fastening of the wiring and no trouble has been experi- 
enced from this source m two years of experimental work At 
the right of the galvanometer on the large switchboard the relays 
for the Gouy regulator and for the regulator m R are shown rather 
indistinctly 

In figure 6 the absorber table is shown The arrangement of 
motor, pump, sulphuric acid wash bottles and soda-lime cans, 
S L , is clearly shown Above can be seen the rubber tubes 
which lead the air from the calorimeter to the absorber table 
and carry the purified air back to the chamber On the top of the 
table are the gas meter and U-tubes for determination of the com- 
position of the residual air at the ends of the experimental periods 
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Fluctuations in barometnc pressure are measured on a standard 
barometer of the Fortm type which is not shown m any of the 
figures 


CONTROL EXPERIMENTS 

Control experiments of four types have been carried out to deter- 
mine the magnitude of the errors which may be expected to occur 
m the work These experiments may be designated Radiation 
and conduction tests, Electric controls, Alcohol controls, Oxy- 
gen blanks 

Radiation and conduction tests 

The radiation and conduction test is made for the purpose 
of determining how far the adiabatic wall prevents gain or loss 
of heat, in other words, whether under experimental conditions 
the walls are really adiabatic Jn making this test no source of 
heat is put into the box and no cooling water flows through the 
interior system of piping The box is closed up and the tempera- 
ture of the zinc w'all adjusted to be the same as that of the copper 
v'all and so maintained The mr and w all thermometers are then 
read at frequent intervals 

The conditions and result of one such experiment w ere as follows 

Experiment began at 9 00 a m At the start the temperature of the 
laboratorj air was 21° The temperature of the wall of the copper chamber 
was 23 20° and that of the air within the chamber was 23 50° At 11 20 a m 
the temperature of the wall had fallen to 23 19° and that of the air inside to 
23 495° The hydrothermal equivalent of this calorimeter is 10 75, or, 
otherwise stated, a change of 1°C in the temperature of the copper wall 
under experimental conditions, means the absorption or setting free of 10 7o 
calories A fall in temperature of the copper wall of 0 01°, the result of loss 
of heat from the calorimeter to the outside, would result in an error of 0 1 
calorie Such a loss occurred m this experiment m the course of two hours 
and tnentj mmutes, or a period equal to two and one-third times the length 
of the usual experimental period This loss, however, occurred under 
conditions far more severe than those of actual experiment as the air of the 
laboratory was purposelj kept over three degrees cooler than that within 
the chamber In actual experimentation the air of the laboratory is alwaj s 
kept as nearlj as possible at the same temperature as that within the box 
and seldom differs from it by more than 0 5-1° With this flatter gradient 
the loss vould undoubtedlj be very much less 



H B Williams 


335 


It appears then that with steady conditions the nails may be 
considered adiabatic without liability of incurring errors as great 
as 0 05 calorie per hour Fen of the experiments have lasted 
longer than three or four hours so that the chance for accumulation 
of the radiation and conduction error does not enter into the con- 
sideration With experiments of long duration it might be worth 
v hile to attempt a careful determination of the radiation-conduc- 
tion constant under experimental conditions and correct for it 

Electric control experiments 

The most precise and convenient method for controlling the 
accuracy of a heat-measuring apparatus is that of dissipating 
within the apparatus m the form of heat a carefully measured 
amount of electrical energy, measuring this heat with the apparatus 
and determining how closely the measured heat agrees with the 
amount which the electrical measurements show to have been 
dissipated during the time of experiment 

To secure uniformity in the electrical current and therefore in 
the amount of heat dissipated, an accumulator battery has been 
used as the source of current This battery is of sufficiently large 
capacity (about 45 ampere-hours) to deliver the required amount 
of energy over periods of four or five hours without much diminu- 
tion m voltage The gradual fall in voltage can be easily and 
exactly compensated by manipulation of a ballast resistance 
The scheme of the connections is shown in figure 7 

All of the resistances employed are made of material whose resist- 
ance changes but little with temperature The current passes 
from the battery through a ballast resistance, then through the 
heating coil and back through a standard resistance A precision 
milhvoltmeter measures the fall of potential across the terminals 
of the standard resistance and serves to determine the current 
From the terminals of the heating coil within the chamber a pair 
of wires runs out to a voltmeter A key is provided m this circuit 
so that the voltmeter may be connected momentarily and measure 
the fall of potential across the terminals of the heatmg coil The 
reading of the milhvoltmeter is maintained constant by manip- 
ulation of the ballast resistance and +he voltmeter is read sei eral 
times during each period of the experiment The voltmeter has 
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a range of 15 volts and is graduated m tenths of a volt One 
hundredth of a volt can be easily estimated With a fall of 
potential of the order of 5 or 6 volts the reading can be made to 
about one part m five hundred The current can be measured 
with the milhvoltmeter to about the same order of accuracy m 
so far as concerns the reading error 

These instruments were specially calibrated for us by the makers, 
the Weston Electrical Instrument Company The accuracy of this 
type of instrument and the permanency of the calibration with 
careful use is so well known as to require no further comment 


STANDARD RESISTANCE 



Greater accuracy m the readings could doubtless have been attained 
by the use of a standard cell and potentiometer with a delicate 
galvanometer as indicator, but the errors introduced by the use 
of the direct-reading instruments are so small m comparison with 
other experimental errors that it has not been deemed worth while 
to further complicate the procedure 

The heat dissipated is given by multiplying together the num- 
bers expressing the fall of potential across the terminals of the 
heating coil (m international volts), the current m amperes an 
the time in seconds and dividing by the number expressing t e 
mechanical equivalent of heat at the temperature of the flowing 
water 




H B Williams 


337 


In our animal experimentation with the calorimeter up to the 
present time the mean temperature of the cooling iv ater has been 
uniformly m the neighborhood of 20° and it has been kept m this 
region during the electric and alcohol controls The value of 
the thermal capacity of w ater m joules per calorie for a large num- 
ber of temperatures ranging from freezing to boiling has been deter- 
mined by Barnes 14 m a senes of extremely careful and painstaking 
experiments The results of his experiments m the neighborhood 
of 20° agree very well with the corrected value obtained for this 
temperature by Rowlands using another method 

The difference is not sufficiently great to affect our results much 
whichever value is taken, but as Barnes’ results were obtamed by 
an electrical method and refer to the same electrical umts as ours, 
it has been thought best to adopt his figure This figure for 20° 
is 4 1873 To facilitate calculation instead of dividing the number 
of watt-seconds by this number we may multiply by its reciprocal, 
0 2393 

The results of an electrical control experiment performed May 
6, 1911 are given below 

The strength of current, I, was 2 1 amperes The fall of potential across 
the terminals of the heating coil was 5 79 volts and the time for each period 
was 3600 seconds 

The heat is given by the product E I t X 0 2393 = 10,470 This is ex- 
pressed m small calories and is equal to 10 47 large calories 

The following is a tabulation of the results of this experiment 


HOUR 

CALORIES CALCULATED j 

CALORIES FOUND 

| ERROR 

I 

10 47 

10 64 

0 17 

2 

10 47 

10 55 

0 OS 

3 

10 47 

10 64 

0 17 

. 


The uniformity of the conditions during this experiment can best 
be appreciated by an inspection of the readings of the water ther- 
mometers The temperature of the inflowing water at the begin- 
ning of the third period was 20 56°C There were fifteen readings 
during the period and for the first six successive readings, covering 
a period of twenty-four minutes, the temperature of the inflowing 

14 Loc cii 
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water was as given above For the next six readings, another period 
of twenty-four minutes, the temperature was 20 55° Then follow 
at four-minute intervals two readings of 20 54° and after the 
final four minutes the last reading is 20 55° Whether these small 
variations are due to faulty functioning of the regulator R, we 
have never taken the trouble to ascertain Slow changes of the 
order of 0 01° do not affect the accuracy of the results m measur- 
able amount It seems probable that the regulation could be 
made even closer if one felt the necessity of doing so The tem- 
perature differences between the m and outflowing water during 
the same period are instructive as showing the uniformity of the 
dissipation and removal of heat The first three differences were 
1 02° and the remaining twelve 1 01° One might be led to think 
that the first three differences were too high by 0 01°, but reference 
to the preceding period affords an explanation of this result 
During the second hour the temperature of the calorimeter 
fell slightly, but continuously, and this change was nearly at an 
end at the beginning of the third hour The heat given up by the 
wall of the apparatus is responsible for the greater value of the 
first three temperature differences in the third period 


Alcohol control experiments 

By the combustion within the chamber of a known quantity of 
alcohol, one is able to control the determination of water, carbon 
dioxide and oxygen as well as that of heat In planning experi- 
ments to ascertain the magnitude of the errors which are liable 
to occur m using the apparatus with animals, it is of importance 
to provide that the amounts of alcohol consumed per hour shall be 
such as to dissipate about the same amount of heat as the animal 
may be expected to eliminate in the same time With a given 
apparatus the experimental errors will be, assuming a uniform 
technique, about constant in absolute amount, so that the per- 
centage error will diminish as the total quantity measured increases 
In planning the calorimeter, one of the problems in view was the 
determination of the metabolism of very young infants, "’hose 
heat production might be expected to range between 10 an v 
calories per hour It was determined on this account to attemp 
to burn alcohol m corresponding amounts in the control expert 
ments 



H B Williams 


339 


In order to secure results of value m control experiments of this 
character it is important to secure complete combustion of the 
alcohol and so to regulate the supply that the combustion pro- 
ceeds with the greatest possible uniformity 
The method used was in general similar to that m use at the 
nutrition laboratory at Boston and is a modification of a method 
described by Atwater and Benedict 16 The alcohol lamp within 
the calorimeter was fed continuously with alcohol, from without, 
through a fine tube This tube ended outside m a narrow burette 
graduated m 0 01 cc Into this burette alcohol was allowed to 
drop from a supply bottle at a rate just equal to that of combus- 
tion That the rate of dropping was correct was indicated by the 
level of the alcohol in the burette which remained constant At 
the beginning of an experiment the lamp was lighted and the appa- 
ratus sealed After a preliminary period of half an hour or more, 
during which the calorimeter was brought into equilibrium, the 
burette was read and the supply bottle changed for another which 
had been weighed By means of a small stopcock on the tube 
leading from the supply bottle, the rate of flow could be quickly 
adjusted so as to permit of maintaining the level of alcohol m 
the burette constant to within 0 01-0 02 cc At the end of a 
period the burette was watched and the level kept as nearly as 
possible the same as at the beginning Any variation could be 
noted and correction made At first the attempt was made to 
make use of supply bottles on the Marriotte principle to secure a 
uniform head of liquid, but this was abandoned, as with the very 
slow rate of flow slight changes m room temperature made more 
change m the rate of flow than the changing head It proved 
more satisfactory to use bottles with a simple siphon and regulate 
the flow by hand with the stopcock as might be necessary 

In this manner it was possible to secure very uniform burning 
of the alcohol To prevent incomplete combustion of the alcohol 
it was found necessary to use a lamp so constructed that the region 
of the edge of the wick should always be sufficiently hot to insure 
immediate ignition In the first experiments where larger amounts 
of alcohol (corresponding to about 35 calories) were burned, a 
lamp similar m construction to an Argand burner, with provision 
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for access of air to the interior of the flame, was used with success 
With the smaller amounts of alcohol the flame was so small that 
the metal edge of the lamp was cooled by conduction of heat 
away from it to the base and combustion was imperfect 

This became manifest by the lack of correspondence between 
results found and calculated and by a strong peculiar odor per- 
ceptible immediately after opening the chamber, presumably due 
to the presence of aldehyde and perhaps other products of incom- 
plete combustion By using a short piece of hard glass tubing for 
the top of the burner and a wick of glass wool, this difficulty was 
entirely overcome 

The alcohol used had a strength of 92 65 per cent as calculated 
from a determination of the specific gravity The specific graviti 
was determined by weighing m a Squibb pyknometer equal vol- 
umes of boiled distilled water and of the alcohol in question, the 
measurement of the specimens in the pyknometer bemg carried 
out at the same temperature The percentage was then deter- 
mined by interpolation from the Squibb alcohohmetnc tables 


For a discussion of the accuracy of this method reference may 
be made to the paper of Atwater and Rosa 16 previously cited 
The theoretical amount of oxygen required to bum a given weight 
of alcohol and the corresponding amounts of water and carbon 
dioxide which would result from its combustion, can be readily 


calculated from the chemical equation expressing the reaction which 


occurs when alcohol bums In the case of the water one must 


make a correction for the amount of water of dilution present 


m 92 65 per cent alcohol The heat of combustion of alcohol has 


been the subject of a large number of calorimetric investigations 
As a result of twenty-five observations with the bomb calorimeter, 
Atwater and Rosa 17 found the heat of combustion of pure ethyl 
hydrate to be 7 067 large calories per gram This figure has been 


adopted as the basis of the heat calculation m the present experi- 
ments Below are presented the results of two alcohol control 
experiments The first is a period of one hour during whic 
1 74 grams of alcohol were burned m the calorimeter, the smallest 
quantity we have attempted to bum up to the time of writing 


18 Loc cil 
17 Loc cit 
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The second experiment performed two days later covers three 
periods of one hour each 

Alcohol control, May 13, 1911 


ALCOHOL 

CARBON 

DIOXIDE 

OXYGEN 

WATER 

HEAT 

Found Calc 

Found 

| Cnlc 

| Found j 

j Calc J 

1 Found 

Calc 

grams 

1 74 

grams grams 

| 3 10 | 3 09 

grams 

1 3 37 

grains 

3 37 

grams | 

| 2 35 | 



calories 

11 42 


Alcohol control May 15, 1911 


2 605 

2 420 

2 390 

4 70 
4 40 ! 
| 4 28 

4 62 

4 30 

4 24 

5 12 : 

4 70 

4 73 

5 04 

4 68 

4 62 

I 3 47 

3 11 

3 06 

3 02 

2 81 

2 77 

16 80 
15 56 
15 29 

17 09 
15 88 
15 65 


|l3 38 

13 16 

14 55 

14 34 

j 9 64 

j 8 60 

*47 65 

48 62 


Inspection of this table shows that the results found agree fairly 
well with those calculated except in the case of water vaporized 
The water found is seen to exceed that calculated by from 10 
to 16 per cent In the second experiment it may be further noticed 

that the percentage discrepancy steadily decreased throughout 
the experiment, being 14 9 per cent in the first hour and 10 4 
per cent in the third The explanation of this discrepancy is 
doubtless to be sought in the fact that the walls of the copper 
chamber are able to occlude on their surfaces considerable quan- 
tities of moisture and in addition, the material of which the air 
thermometers are constructed and the insulation of the wiring 
within the chamber are to some extent hygroscopic The labora- 
tory is situated within a short distance of a large body of salt 
water, the East River, and the air, never very dry, is sometimes 
nearly saturated with water vapor This air has free access to the 
interior of the apparatus except wdien it is sealed up for experimen- 
tation During the course of an experiment m which the amount 
of water given off within the calorimeter is small, the absorbing 
apparatus is capable of bringing about a continuous reduction of 
the vapor tension within the chamber The greater part of the 
moisture present m the air of the chamber before beginning an 
experiment will be remoi cd during the preliminary period, but as 
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the tension of water vapor in the air becomes less the moisture 
which has been occluded on the walls seems to be given off 
gradually Doubtless, m an experiment of long duration, the 
water measured during the later hours would gradually approxi- 
mate the amount generated by combustion in the same time 
Similar results as regards the water determination have been noted 
by Benedict and Carpenter 18 With an apparatus m which the 
amount of oxygen consumed can be directly measured, the amount 
of water given off by the subject becomes a matter of less impor- 
tance than was the case in the older forms of respiration apparatus 
The water excretion has not been a factor of importance in any 
of the physiological work for which the calorimeter has been used 
up to the present time It is, however, a matter of great impor- 
tance to know just how much water has evaporated and left the 
chamber during an experimental period Heat is absorbed in 
the process of vaporization and unless correction be made for the 
heat rendered latent by vaporization and removed in the ven- 
tilating air current, the amount of heat measured will be too 
small To determine the quantity of heat which has been ren- 
dered latent by the evaporation of a given weight of water, one 
must know the latent heat of evaporation at the temperature of 
the air within the calorimeter This temperature m our experi- 
ments has been 26°C Regnault’s formula, 19 L = 606 5 — 0 695 1, 
gives as the latent heat 0 588 large calorie per gram of water evap- 
orated at 26° This figure was Used at the beginning of our work 
It was adopted at that time provisionally until opportunity should 
offer to decide as to the best value of L for this temperature 
Through an inadvertence the use of this factor has been con- 
tinued up to the time of this publication and a large amount of 
experimental work has been calculated on this basis 

The most recent work on the heat of vaporization of water oier 
the range of temperature in question appears to be that of Smith 00 
According to the formula developed by him the value of L at 26 
would be in the neighborhood of 0 582 calorie per gram The 
amount of water vaporized in our experiments is usually so small 

11 Loc at 

18 Regnault Mem Acad Roy Sc i Inst France, x\i, pp 635-728, 1847 

50 Smith Heat of Evaporation of Water Physical Renew, xxv, p 145, 
1907 
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that it really makes but little difference which figure is used 
The error would usually be in the second decimal place In 
future work a new value for L will be used based on the best data 
available and, m a critical consideration of such experiments 
as have been done prior to July 1912, it may be well to recalculate 
those in which the evaporation of water has been unusually large, 
though the correction seems hardly likely to change the physio- 
logical significance of any of this work 
In the case of carbon dioxide the percentage error is seen to 
range from 0 3 per cent to 2 3 per cent and in the case of oxygen 
from zero to 2 3 per cent In experiments with animals it is doubt- 
ful whether the results can be relied upon m the case of oxygen and 
carbon dioxide to better than 2 per cent when the total quantities 
measured are as small as in these control experiments The 
absolute error as may be seen is not very great and if the results 
of a number of hours of experimentation be added together the 
total result would be much nearer the truth In the second 
experiment the percentage error in the case of carbon dioxide for 
the three hours was 1 6 and that of the oxygen determination over 
the same time 1 5 Turning to the heat measurement, we find 
errors in the single hours of the order of 2 to 2 5 per cent and an 
average error for the three hours of about 2 per cent When one 
considers the complexity of an apparatus for measuring at the 
same time heat, oxygen absorption and output of carbon dioxide 
and water and bears m mind the difficulty of calorimetric work 
m general, it will be appreciated that a percentage error as high 
as 2 5 on a total of 15 calones is not surprising It seems hardly 
likely that the absolute error involved can prove of any consequence 
in the decision of the class of physiological problems involving 
this kind of measurement From the results of a large number of 
electric control experiments m addition to the alcohol controls it 
seems reasonably certain that under the conditions of the controls 
the measurement of heat is trustworthy to 2 5 per cent Over 
longer periods or in measuring larger amounts the percentage error 
is naturally less That the same degree of accuracy can always be 
attained m experiments on living animals is open to question 
In such experiments one must take into consideration fluctuations 
m body temperature As the apparatus stands at present this is 
attempted by measuring with great accuracy the rectal temperature 
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with an electrical resistance thermometer When the fluctuations 
m body temperature are gradual the weight of evidence seems to 
indicate that the rectal temperature is a sufficiently good index 
of the general body temperature When, however, the temperature 
of the body undergoes rapid change, we have evidence that the 
change m the rectal temperature does not run strictly parallel to 
the general change and under such circumstances the heat measured 
over a short period may be m error by a very much larger amount 
than 2 5 per cent The possible limits of this error and whether 
or not means which have been proposed for eliminating or lessen- 
ing it will be effective cannot be stated as yet This source of 
error is probably minimal in all cases where the body temperature 
changes slowly, but it is well for the present to exercise reserve 
m judging the results of experiments in which the rectal thermome- 
ter has shown sudden and large fluctuations 

ERRORS IN DETERMINATION OF OXYGEN 

In attempting to determine oxygen consumption directly with 
this type of apparatus, numerous sources of error require atten- 
tion Oxygen is admitted to the system from a weighed cylinder 
of the gas so as to maintain the apparent volume the same at the 
end as at the beginning of the experiment The following causes 
can operate to change the apparent volume 
Consumption of oxygen by the subject of experiment 
Removal of excess of water vapor by absorbers 
Removal of carbon dioxide by the absorbers 
Change in temperature of air within the chamber 
Change m general barometric pr ssure 

All of these causes are operative during experimentation and 
all, except actual consumption of oxygen by the subject, require 
that corrections be made In addition there is the possibility of 
leakage in any part of the system Should a loss of 1 liter of air 
from the system occur, the determination of carbon dioxide and 
water would suffer but little error That of oxygen would be in 
error by over 1 4 grams In an experiment on a small human 
infant such a leakage would cause an error in the neighborhood o 
30 per cent 

The correction for change in temperature of the air within t e 
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calorimeter is made on the basis of the indications of the air ther- 
mometers These are six in number and so situated as to integrate 
fairly well the average temperature of the air Owing to the 
necessity of keeping the central part of the chamber clear, the air 
thermometers had to be put near the walls so that warmer or 
cooler air from the central parts of the chamber has to reach the 
thermometers by convection The ventilation is not sufficient 
to prevent localized portions of this air from acquiring for short 
intervals a temperature very different from the general temperature 
inside the box in case a sudden increase id heat elimination occurs, 
as the following experiment shows 

An electrical resistance was put in the calorimeter and the 
apparatus sealed up After steady conditions were attained the 
air thermometers were read and heat suddenly developed m the 
resistance which occupied a position in the center of the box 

The box itself with the tension equalizer provided with a long 
pointer is a most sensitive thermobarometer The immediate 
effect of a puff of heat m the center of the box was to cause a sudden 
elevation of the pointer on the tension equalizer of about 10 cm 
After a considerable interval the air thermometers recorded the 
change This shows clearly that sudden changes in temperature 
at the end of an experimental period would be quite sufficient to 
upset the oxygen determination Whether such changes occur or 
not the operator is fortunately m a position to determine without 
regard to the indications of the air thermometers No sudden 
change m temperature can escape detection if the long pointer 
attached to the tension equalizer is watched and this the operator 
always does at the end of the periods No result is accepted where 
a sudden change m temperature of the air occurs at or near the 
end of the period 

Changes in barometric pressure can be read to 0 05 mm The 
barometer is always adjusted a few minutes before the end of a 
period so that the exact reading can be obtained without delay 
j ust at the end of the period Since the residual amounts of carbon 
dioxide and water vapor in the chamber may vary from the end 
of one period to that of the next an analysis is made just before 
the end of each period by the method described by Benedict and 
Carpenter 21 
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Any error in the residual analysis would also appear in the final 
result as affecting more or less seriously the determination of oxygen 

For the purpose of determining the adequacy of the technique 
and the tightness of the apparatus without the necessity of going 
through with the very considerable labor of an alcohol control, 
the following experiment was devised which for brevity has been 
called an 

Oxygen blank 

In carrying out this test the apparatus is sealed up as if for a 
formal experiment and the ventilating current of air started No 
source of heat within is necessary and the cooling water need not 
be kept flowing though this has sometimes been done When 
conditions have become fairly steady an anal^ sis of the residual 
air is made and the air pump stopped The air current is deflected 
m the usual manner through a fresh set of weighed absorbers and 
the tension equalizer adjusted to standard position by admission 
of oxygen 

The air current is started again, the cylinder of oxygen weighed 
and replaced and the experiment continued for an hour when the 
residual analysis is again made and the tension equalizer adjusted 
to standard position No oxygen will have entered the system, 
provided it is tight, unless a shrinkage in volume due to fall of 
temperature or rise of the barometer has occurred To prevent 
an increase in apparent volume the temperature is made to fall 
slightly throughout by use of the cooling water in the outer air 
space Just at the end of the preliminary period and just at the 
end of the test the barometer and air thermometer readings are 
made 

After correcting for the changes in volume due to temperature 
and barometric change and making allowance for the amounts of 
water vapor and carbon dioxide removed by the air current the 
net amount of oxygen used should be zero In one such experi- 
ment the amount of oxygen unaccounted for after making the 
corrections was 20 cc and in another 66 cc These represent the 
extremes The amounts usually run about 20-30 cc The smallest 
oxygen consumption m actual experiments has been with infants 
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The amount for the smallest infant (weight 3 05 kgms ) was 2 16 
to 2 50 grams per hour 22 

The average error shown in the oxygen blanks would be less than 
2 per cent of this amount 23 This blank experiment is easily per 
formed and requires but one or at most two persons to carry it out 
The ease with which it can be done makes it a convenient check on 
the gas analysis technique and it has been frequently employed 
It will detect with certainty very small leaks The window has to 
be sealed for each experiment and no satisfactory test for tightness 
can be made with the subject in the apparatus The window 
is closed with two glasses, however, and sealed with great care 
All but one of the joints on the absorber table can be tested during 
the experiments All other possibilities of leakage are accounted 
for by the oxygen blank 

As a result of these tests and of the alcohol controls it seems to 
be established that the apparatus is capable of measuring oxygen 
in amounts corresponding to the metabolism of small animals to 
a very high degree of accuracy, but that this degree of accuracy 
shall be realized in actual experimentation on animals it is uncon- 
ditionally essential that no sudden fluctuation in temperature of 
the air within the chamber shall occur at or near the end of the 
period of experimentation 


22 Howland Zntschr f -physiol Chem , l\xiv, p 12, 1911 

23 The error in oxygen blanks was often less than 20 cc but the general 
trend of these experiments indicates an absolute error in oxygen measure- 
ment of about 20-30 cc This for the smallest oxygen consumption meas- 
ured would be an error of 1 25-1 5 per cent by weight 
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I INTRODUCTION 

The construction of a respiration calorimeter which can measure 
the heat production, the carbomc acid outgo and the oxygen intake 
in hourly periods in the dog, has revealed some new facts which are 
to be set forth m this series of papers The special object of much 
of the work done has been to investigate more closely the nature of 
the processes involved in the increased heat production which 
follows the ingestion of the various foodstuffs — the so-called 
“specific dynamic action” of Rubner Carl Yoit believed that 
abundant food increased the power of the cells of the body to me- 
tabolize the materials brought to them This he clearly stated in 
the following language 1 

1 Carl Volt Physiologie des Sloffwechsels und der Ern&hrung, 1881, pp 
308, 311 
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In cases where the non-protein respiratory quotient rises above 
unity, the heat production may be approximately calculated by 
multiplying the number of liters of oxygen absorbed by its calorific 
value when the respiratory quotient is unity, and adding to that a 
certain value obtained as described below 

The simplest expression for the conversion of dextrose into fat 
is as follows 14 

191 3 grams dextrose = 100 grams fat + 74 grams H 2 0 + 84 grams 0 2 , or 
1 gram dextrose — 0 43 gram 0 2 = 0 57 gram fat 

This reaction, however, does not probably take place with the 
liberation of free oxygen, but rather with the coincident metabo- 
lism of dextrose m a manner similar to that suggested by Bleib- 
treu 15 and represented by the following formula 

270 06 grams dextrose = 100 grams fat + 54 6 grams H 2 0 + 115 45 grams C0j 

In this formula fat is produced from dextrose with the liberation 
of carbonic acid and water The reaction is exothermic, 4 7 per 
cent of the energy in dextrose being liberated as heat as is seen 
below 

270 06 X 3 692 = 997 2 calories 
100 00 X 9 500 = 950 0 calories 

Since the elimination of 115 45 grams of carbon dioxide is accom- 
panied by the liberation of 47 2 calories, it follows that 1 gram so 
eliminated has a caloric value of 0 409 or 1 liter, 0 803 calories 
Recalling the fact that the RQ of carbohydrate is umty, one 
may deduct the number of liters of non-protein oxygen absorbed 
from the number of liters of non-protein carbonic acid eliminated 
and the remainder will represent the liters of carbonic acid due to 
the reaction involved m the production of fat from carbohydrate 
Its calorific value is obtained by multiplication with 0 803 calorie 
At least this method of calculation may be provisionally adopted, 
pending a more complete knowledge of the process itself 


14 Magnus-Levy Von Noorden’s Handbuch der Pathologic dec Stofwechse s, 
1 , p 166, 1906, Magnus-Levy and Meyer Oppenhcimer’s Handbuch der >° 
chcmie, iv, p 472, 1911 

15 Bleibtreu Pfiuqcr's Archiv, lxxxv, p 345, 1901 
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experimental part 

Experiments with Dog I determined the effect of giving 1200 
grams of meat and 700 grams of meat on alternate days at noon 
This diet to which a little bone ash was added was maintained 
almost continuously from November 1 , 191-0 to May 1 , 1911 
The results mth Dog II were obtained after giving 1000 grams of 
meat 


A The effect of 1200 grains of meat ingested by Dog I 

The basal metabolism v> as determined during the hour between 
9 45 and 10 45 a m on the day following the ingestion of 700 grams 
of meat at noon Attempts made to obtain the metabolism of the 
dog between 10 45 and 1 1 45 were invariably frustrated on account 
of the activity of the dog previous to the regular meal time The 
essentials are presented in Table I The lowest metabolism was 
found to be about 22 3 calories per hour although this might rise 
to 25 calories even m the sleeping dog It is possible that these 
differences in metabolism may have been due to variat'ons in 
posture Similar variations were also noted in Dog II In Ex- 
periment 8, Dog I, when the metabolism was 26 calories per hour, 
the dog was quiet, awake, licked her paws and made some slight 
movements toward the end of the experiment In Experiment 
2 there were violent movements and the heat production was 
double the minimal basal metabolism, rising to 45 calories 

Twelve hundred grams of meat were given the dog at noon and 
the results of the various experiments are presented m detail m 
Table II In order to bring out some of the more essential points, 
Table III has been constructed 

Consideration of this table suggests one point which must be 
further examined To what extent is the nitrogen elimination 
during the period of an hour representative of the protein metab- 
olism of the hour? Protein consists of a variety of ammo-acids 
and it should cause no surprise if some of these were oxidized more 
readily than others Besides this, there is certainly some reten- 
tion of urea, as was shown by Hohlweg and Meyer 16 who noted a 
rise of urea m the blood from 0 038 per cent m fasting to 0 057 
per cent seven hours after meat ingestion in the dog Also, poly- 


” Hohlweg and Meyer Hofmeisler's Beilrdge, \i, p 397 
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TABLE IV 

Dog II — Urinary analysis after meal ingestion BOO grams of meal ingested at 11 00 am 









362 


Metabolism after Meat Ingestion 


peptid or amino-acid nitrogen may be retained in the organism 
if ammo-acids be ingested This was shown by Luthje’ 7 for glyco- 
coll and asparagine, by Murhn 18 for glycocoll and by C G L Wolf 111 
for alanme The newer work of Fohn 20 describes the retention of 
non-protein nitrogen which is not urea nitrogen m the muscle cells 
of a cat after glycocoll has been given per os, the blood vessels to 
the kidneys having been previously tied off The non-protem 
nitrogen also rose in the blood during the first hour after the inges- 
tion of glycocoll 

It is also known from the experiments of Rubner 21 on the dog, 
that the sulphur of protein is more readily eliminated than the 
nitrogen belonging to it This is confirmed by the experiments of 
Wolf 22 as regards meat ingestion in man, being evident when veal 
cutlets were given but not evident when casein (plasmon) vas 
administered In the dog, however, Wolf found that the elimina- 
tion of the two elements ran parallel Since the N S ratio m meat 
is 16 1, one would expect to find this ratio in the urine, or one a 
little higher, since some sulphur is present in the feces and some in 
the intestinal gas The following experiments confirm Rubner’s 
statement of an earlier elimination of sulphur than of nitrogen 
(see Table IV) It may be estimated that 22 per cent more sul- 
phur was eliminated during the first six hours after the ingestion 
of 1000 grams of meat than corresponded to the nitrogen excreted 
during this period This table also shows that by far the greater 
part of the urinary nitrogen eliminated during the early hours after 
meat ingestion consists in urea + NH 3 mtrogen which is indicative 
of protein metabolism and not the elimination of nitrogen derived 
from the extractives 

In relation to the intermediary metabolism of protein it may be 
recalled that Reilly, Nolan and Lusk 23 found that after giving 
meat to phlorhizimzed dogs the sugar formed from protein invari- 
ably appeared in the urine of the first few hours in greater amount 
than did the mtrogen of the protein from which it originated 

17 Luthje Congress fUr innere Medizin, 1906, p 44 

18 Murhn Amer Journ of Physiol , \\u, p 250, 1907 

19 Wolf Biochem Zeitschr , xl, p 193, 1912, xh, p 111 

10 Fohn and Dents this Journal, xi, p 87, 1912 

1 Rubner Die Geselze des Energieverbrauchs, 1902, p 368 

57 Wolf Inc cit 

M Reilly, Nolan and Lusk Amer Journ of Physiol , 1 , p 395, 1898 
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Notwithstanding these complicated factors, the use of the ordi- 
nary methods of calculation sufficed to bring the average results 
for twenty-one hours so that the heat measured by the calorimeter 
was only 2 7 per cent less than that obtained by the indirect calcu- 
lation 

The results would have agreed still closer, within 2 per cent, 
had it been possible to obtain agreements during the second and 
third hours after meat ingestion between the direct and the indi- 
rect method of determining the heat production Reference to 
Table II will show that here the method entirely broke down 
Various explanations of this phenomenon are possible At first 
it seemed that perhaps in the early metabolism of protein, com- 
pounds were broken up which required more oxygen, yielded more 
carbomc acid and evolved less heat than the protein molecule m 
its entirety would have done Also it seemed that protein itself 
might be oxidized m larger quantity than the nitrogen eliminated 
during the hour indicated While this may in a measure be true, 
yet the respiratory quotients of 87 and 84 (see Table II) obtained 
during this second hour after meat ingestion indicate the combus- 
tion of the body’s store of carbohydrates, the respiratory quotients 
for the non-protein part of the metabolism being respectively 99 
and 91 Were the total heat production due to protein metabo- 
lized, the R Q would be 0 80 and if the calories of the protein 
metabohsm exceeded the heat output of the body, and sugar from 
protein were retained by the organism, the R Q would fall below 
0 80 as indeed happens in the third and subsequent hours after 
meat ingestion Reilly, Nolan and Lusk 24 found after giving 870 
grams of meat to a phlorhizimzed dog weighing 35 kgms that 2 69 
grams of “extra sugar” (sugar not attributable to the nitrogen of 
the period) were eliminated during the first two hours after the 
meal This “extra sugar” corresponds to an amount of protein 
metabolism represented by 0 8 gram of nitrogen If in the dog 
used in the present experiment the conditions of protein metabo- 
hsm were the same as in the diabetic dog, there would have been a 
retention of 0 8 gram of nitrogen from metabolized protein within 
the organism during the first two hours If the retention were 
equally divided between the two hours, then the protein metab- 


s< Reilly, Nolan and Lusk loc at 
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ohsm of the second hour would be represented by an elimination 
of 1 29 grams N instead of 0 89 gram actually eliminated 
The possibility of this picture being representative of what 
occurs is not denied, but there are reasons for believing that it may 
be an exaggerated picture In the first place, the high respira- 
tory quotient which is found only m the second hour does not sup- 
port it In the second place, the metabolism of ingested protein 
in diabetes may be much more rapid than in health Thus, the 
retention of amino-acids in the organism noted by Luthje and Mur- 
lm was effected when much carbohydrate was given m the food 
but Rmger and Lusk 26 noted no such retention when the amino- 
acids were given in phlorhizm glycosuria 
The validity of the method of computation used, as well as 
the significance of the respiratory quotients as a means of interpre- 
tation, is indicated by comparing the results obtained dunng the 
second hour and during the fourteenth hour In both hours, the 
carbonic acid elimination and the oxygen intake were nearly the 
same, whereas the nitrogen elimination in the fourteenth hour was 
double that of the second hour This is shown in the following 
table 



URINE N 

CO, 

Oi 

R Q 

j CALORIES 

Found 

Calculated 

Second hour 
Fourteenth hour 

0 89 

1 88 

13 13 

12 65 

11 03 

11 34 


32 86 

36 82 

35 97 

35 86 


It is evident that recalculation of the second hour on the basis 
of the high protein metabolism of the fourteenth would not reveal 
the three calories apparently lost during the second hour 

A clearer insight into this problem resulted from suggestions 
made by Dr Hans Aron durmg a visit to this laboratory It 
had been noted that the great deficit in calories found was coin- 
cident with a considerable rise of body temperature The ques- 
tion was, whether this rise m body temperature was evenly dis- 
tributed throughout the ammal, in which case the temperature as 
measured by the rectal thermometer would be a true index to the 
amount of heat retamed m the dog, or whether there was an un- 

55 Ringer and Lusk Zeitschr f physiol Chetn , Ixvi, p 106, 1911 
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equal heating of different regions of the body which was not to 
be determined by an observation made m one locality only To 
decide this question, four electrical resistance thermometers were 
placed in the groins and axillae of the dog and the rise in skin 
temperature was compared with that of the rectum when the 
dog was lying at complete rest m the calorimeter It was found 
that, whereas no variation between the skm and rectal tempera- 
tures occurred during fasting, after giving meat the temperature 
of the skm rose far more than that of the rectum, and also, if car- 
bohydrate were given, the skin temperature might rise while the 
rectal temperature remained stationary 

These results are shown in Table V 

It appears from this table that the increase m body temperature 
following the ingestion of food is not truly indicated by the rectal 
thermometer After giving 1200 grams of meat, the skm tempera- 
ture rose 0 42° and 0 32° more than the temperature m the rectum 
rose, and after giving 100 grams of dextrose, the rectal tempera- 
ture fell 0 02° while the skm temperature rose 0 46°, a difference 
of 0 48° 

Hennques and Hansen 26 cite experiments showing the tempera- 
ture of a pig at different levels under the skm The size of the 
ammal and the outside temperature unfortunately are not given 
The results were as follows 


1 cm under the skm 33 7° 

2 cm under the skin 34 8° 

3 cm under the skin 37 0° 

4 cm under the skm 39 0° 

Rectal temperature 39 9° 


Also, it has been known since the experiments of Claude Bernard 27 
that the temperature of the liver increases after food ingestion 
In one instance m a fasting dog, the temperature of the hepatic 
vein was found to be 38 4° while m another dog after the ingestion 
of food, the temperature reached 41 3° m the same locality The 
increased heat production withm the organism is accompanied by 
a greater distribution of warm blood to the surface of the organism 

78 Hennques and Hansen Stand Archtv f Physiol , xi, p 161, 1900 

57 Claude Bernard Legons de physiologic op&ratotre, Pans, 1879 
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TABLE V 

Comparison of body temperatures in the dog recorded by electrical resistance 
thermometers in the rectum and in four places ( both axillas and both groins ) 
on the skin, the room temperature being 26° The foods given were ingested 
at noon 


DATE 

FOOD 

I TIME 

1 

1 

TEMPERATURES 

Rectal 

Increase 

Surface 

Increase 

1911 


p m 





May 17 

Ordinary diet 






Maj 18 

1200 gm meat 

12 45 

38 14 


36 61 




1 45 

38 43 

+0 29 

36 89 

+0 27 



2 45 

38 44 

+0 01 

37 34 

+0 45 





+0 30 


+0 72 

Maj 19 

Fasting 






Mm 20 

1200 gm meat 

12 45 

37 46 


35 74 




1 45 

38 35 

+0 89 

36 86 

+1 12 


1 

2 45 

38 56 

+0 21 

37 08 

+0 22 



3 45 

38 70 

+0 14 

37 31 

+0 23 





+ 1 24 


+1 57 

May 21 ] 

Ordinary diet 






Maj 22 

100 gm dextrose 

12 45 

38 08 


37 04 




1 45 

37 99 

-0 09 

37 36 

+0 32 



2 45 

38 06 

+0 07 

37 49 

+0 14 





-0 02 


+0 46 

Maj 23 

Ordinary diet 

1 





Maj 24 

fasting 

12 45 

38 26 


37 02 




1 45 

38 20 

-0 06 

37 00 

-0 02 



2 45 

38 02 

-0 18 

36 80 

-0 20 




, 

-0 24 


-0 22 


m order to eliminate this heat Benedict and Emmes , 28 however, 
were not able to obtain these results in man Very likely the sweat 
glands maintain the skm temperature of the man at a lower rela- 
tive temperature than in the dog under similar circumstances 

Benedict and Emmes Amer Journ of Physiol , xxx, p 197, 1912 
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If one calculates the heat of metabolism retained m the body 
from the change m the skm temperature instead of from the change 
in rectal temperature, there would be an increased heat retention 
in the organism of 4 93 calories (14 7 kgms XO 42°X0 8) or of 3 78 
calories (14 7 kgms X 0 32° X 0 8) during the second and third hours 
following meat ingestion What fraction of this can be employed 
m recalculations in the dog obviously cannot be stated All that 
can be said is that this 'phenomenon partly or wholly explains 
why the direct and indirect calorimetry almost constantly fail to 
agree in the dog immediately after the ingestion of food 
It is thus evident that much of the ap-parent discrepancy between 
the “ heat produced” and the “heat calculated” m the dog during the 
second and third hours after the ingestion of meat is due to the con- 
siderable warming of the surface of the body which is much greater 
than that recorded by the rectal thermometer and therefore does not enter 
into the computation of heat production 

Observations during the later hours failed to reveal these calories 
as given off to the calorimeter This can probably be explained 
by the fact that the dog remained in a well-lighted, moderately 
cool room until the specified time for the preliminary period within 
the calorimeter and therefore could lose calories from his skm more 
readily than he could resting quietly m the chamber of the appara- 
tus at a temperature of 26° to 27° It is to be believed that if the 
animal could have remained in the calorimeter for twenty-two 
hours, the whole of the heat v ould have been recovered 
The dogs were placed m the calorimeter immediately after 
catheterization, the experiment began forty-five minutes or one 
hour after catheterization, and lasted three or four hours Longer 
periods could not be attempted on account of the collection of 
urine and the restlessness of the dog 

a The retention of protein carbon in the form of dextrose 

To the many recorded proofs of the origin of sugar from protein, 
first demonstrated by Claude Bernard, has finally been added that 
of Pfluger, 20 who has shown that if a fasting dog be given phlorhizm 
and twenty-four hours thereafter be killed, the liver contains but 
0 1 per cent of glycogen, whereas if the dog m this condition be 

55 Pfluger and Junkersdorf P finger's Archw, cwxi, p 201 1910 
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0 

given codfish m large quantity, the glycogen content of the liver 
may rise to 10 per cent in a few hours 
Scheurer 30 gave between 900 and 1500 grams of meat to a dog 
and determined the metabohsm by the Zuntz method between 
three and four hours after meat ingestion He concluded from 
the respiratory quotient that carbon was retained from protein m 
the form of carbohydrate 

In the work on Dog I new confirmation of the conversion of a 
portion of the protein molecule into dextrose is afforded m the oxy- 
gen absorption during the various periods after the mgestion of 
meat The facts are set forth in the last two columns of Table 
II, m Table III and especially m Table VI 

TABLE VI 


Table confrashnp the actual oxygen intake with that required by theory if the 
carbon retention had been in the form of glycogen or of fat Calculation 
according to consecutive periods run 


TIME 

CALORIES 

C 

nCXAINEn | 

O, 

0. 

(C nr.- 

O, 

(Cn* 

round 

1 

Calculated 

(calc ab 
dextrose) 

ACTUAL ( 

TAINED A8 ■ 
DEXTROSE) ! 

TAINED AS 

fat) 

p in 

1 45- 2 45 

38 92 

41 70 

0 10 

13 63 

12 99 

12 95 

2 45- 3 45 

40 40 

41 29 

1 93 

13 29 

12 56 

11 73 

3 45- 6 45 

121 91 

124 82 

7 86 

43 25* 

40 61 

37 23 

6 45- 9 45 

122 11 

122 86 

7 86 

40 35 

40 01 

36 63 

9 45-12 45 

106 70 

111 67 

7 50 

35 47 

36 41 

33 19 

12 45- 1 45 

35 86 

36 82 

3 42 

11 34 

12 13 

10 66 

1 45- 2 45 

27 71 

29 32 

2 75 

9 31 

9 65 

8 47 

2 45- 4 45 

64 24 

62 36 

3 OS 

19 56 

20 19 

18 87 


557 85 

570 84 

34 50 

186 20 

184 55 

169 73 


Dif =23 per cent 


Dif = 0 9 per cent 

Dif = 10% 


34 5 grams dextrose 28 3 grams N 1 2 1 

• Small leak In the apparatus during this period determined the day following to nmoun 
to about 1 gram O 2 per hour 


The respiratory quotients (see Tables III and Chart I) fall dur- 
ing the hours of carbon retention to below that of protein itse 
(which is 0 80) because the unoxidized carbohydrate is retame 


50 Scheurer P finger's Archiv, cx, p 227, 1905 
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in the organism as glycogen If the carbon were retained m the 
organism as fat, the respiratory quotient would rise If one con- 
siders the period between the hours of 6 45 to 9 45 pm, one 
obtains the following picture of what occurs 

Calories found = 122 11, calories calculated = 122 86 C retained, cal- 
culated as dextrose = 7 86 grams Oxygen absorbed = 40 35 grams (R Q 
= 0 77) Oxygen, calculated on the basis of the nitrogen elimination and 
the assumption that the protein carbon retained in the body was in the form 
of dextrose, = 40 01 grams (R Q = 0 77) Assuming that the carbon was 
retained in the form of fat, oxygen calculated = 36 63 grams (R Q = 0 85) 

It is obvious from these figures that the oxygen absorption proves 
the retention of carbon m the form of dextrose or glycogen in the organ- 
ism During the fourteen hours of carbon retention following the 
ingestion of 1200 grams of meat, the actual oxygen absorption 
was 186 2 grams against a value of 184 5, calculated on the assump- 
tion that carbon was stored as glycogen or a difference of 0 9 per 
cent If the carbon had been retained as fat, 169 7 grams of oxy- 
gen would have been required or 10 per cent less 

During these fourteen hours 34 5 grams of dextrose were stored 
as glycogen in the organism and 28 3 grams of N were eliminated 
in the urme This yields a D N ratio of 1 2 1 Since 3 6 is the 
maximum yield of dextrose per gram of N m diabetic urine, it is 
evident that one-third of the dextrose derivable from protein m 
metabolism was retained m the organism and deposited in the liver 
and other glycogen reservoirs This represents 20 per cent of the 
total energy contained in the protein metabohzod 

The production of dextrose from protein is not an emergency 
process as some writers maintain, but it is a normal function 

b The so-called “Specific Dynamic Action ” 

The nitrogen in the urme after the ingestion of 1200 grams of 
meat rapidly rises to a maximum which is reached about the 
fourth hour and then maintains a nearly even level of elimination 
during a period of about ten hours, after which it slowly falls 
This is shown graphically in Chart I which has been prepared 
from the data given in Table III 
The heat production is essentially proportional to the nitrogen 
elimination in the urme The maximum specific dynamic action 
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appears to occur m the second and third hours The intensity 
of the specific dynamic action is obtained by subtracting the heat 
of the protein metabolized durmg the period before meat ingestion 
from that of the hours thereafter and calculating what relation 
these extra calories of protein metabolism bear to the total increase 
m heat production for the hour 



Chart 1 showing the It Q , the total metabolism determined bt 

INDIRECT (HEAVT BLACK LINE) AND DIRECT (BROKEN LINE) CALOKIMETBT 
AS WELL AS THE NITROGEN ELIMINATION (DOTTED LINE) DURING HOURLY 
PERIODS AFTER THE INGESTION OF 1200 GRAMS OF MEAT 


For the whole period the average increase m metabolism for 
every 100 calories of extra protein oxidized is 45 calories 1 
the basal metabolism be assumed to be 25 calories instead of 
then the specific dynamic action of 100 calories of protein is repre 
sented by 38 additional calories of heat production ) 
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If the figures obtained were calculated after the fashion of Rub- 
ner, the results for the whole period would be similar to those 
obtained by him That is, the ingestion of meat contaimng 900 
calories m protein caused an increase m metabolism of 270 calories 
during a period of twenty hours, or the ingestion of 100 calories 
caused an increase of 30 calories m heat production 

The specific dynamic action of protein during tne second and 
third hours after meat ingestion is greater than it is during the 
other periods Durmg the second hour it is represented by 90, 
and during the third hour by 60 That is to say, the heat produc- 
tion rises almost to its maximum during the second hour even 
though the increase in protein metabolism as indicated by the 
nitrogen elimination has reached only a third its height Various 
explanations occur It might be due to ‘ Darmarbeit” m the sense 
of Zuntz, but this is improbable because the same high metabolism 
is maintained m the fourteenth hour after taking food when three- 
quarters of the nitrogen of the ingested protein has been elimi- 
nated in the urme and the work of the intestinal canal must be 
largely completed It might be due to the fact already discussed 
of a lag in the nitrogen excretion, which is contradicted by the 
respiratory quotients obtained 

That the factor of “Darmarbeit” is not important is shown by 
the work of Benedict and Emmes 31 who have demonstrated that 
cathartics and agar agar given to man have no effect on metabolism 

There are three conceivable explanations of the increased heat 
production caused by meat ingestion 

1 The large quantity of varying ammo-acids entering the organ- 
ism furnish multifarious compounds readily oxidizable by the 
cells m the sense of Voit 

2 They furnish compounds, some of n Inch are used for cell 
dynamics, while others yield free heat to the body m the sense of 
Rubner 

3 They are at first retained unoxidized in the organism as shown 
by Luthje, Murhn, Wolf and Folm, and m combination or in 
contact with the protoplasm of the cells act as stimuli to increased 
oxidation 

On this last hypothesis, after giving meat, the resulting inrush 
of ammo-acids would bring about a direct stimulus to the cells, 
causing an increased heat production This w ould explain the 

,l Benedict and Emmes Amer Journ of Physiol , wx, p 197,1912 
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greatly augmented metabolism of the second hour after food inges- 
tion m the absence of any indication of a correspondingly increased 
protein metabolism 

B The results of the ingestion of 700 grams of meat m Dog I 

The details of these experiments are presented m Table VII 
and the essential points are given m Table VIII The urmary 
analyses are to be found m the Appendix, Table XI 
The direct and indirect calorimetry agree within 0 7 per cent 
during a period of seven hours 

During the second hour the discrepancy between the heat pro- 
duced and the heat calculated is not always as great as after giving 
1200 grams of meat The specific dynamic action of the meat 
reaches 139, 106 and 69 m the second, third and fourth hours, 
respectively With a non-protein respiratory quotient of 0 90 
and a specific dynamic action equal to 139 m the second hour after 
giving 700 grams of meat, it seems certain that the great rise m 
metabolism which takes place before there is any very great nitro- 
gen elimination m the unne, is really due to a direct stimulation of 
the cells by the entering ammo-acids 

It appears that, whereas 1200 grams of meat causes an increase 
m metabolism from 22 calories per hour to 40 calottes, an increase 
of 18 calories or 82 per cent, 700 grams of meat causes an increase 
from 22 to 32 calories, an increase of 10 or 45 per cent Since 
these figures are nearly proportional (700 1200 10 17) it follows 
that the increase m heat production after giving these quantities 
of meat is proportional to the quantity of meat ingested 
That the intensity of the heat production (excluding the first fea 
hours) is very nearly proportional to the nitrogen elimination in (he 
unne appears from the following comparison 


1200 a RAMS MEAT 

700 OBAUS MEAT 

Houis 
After Food 

N In TJrino 

Calories 

Hours 
After Food 

N in Urine 

Calories 

15 

16 

1 50 

1 50 

29 32 

30 65 

6 

7 

1 55 

1 54 

32 51 

32 07 


In the one case, at the end of the sixteenth hour, 10 grams out o 
36 grams of nitrogen ingested had not been eliminated in the urine, 
m the other case, 13 8 grams out of 21 ingested had not been e 


nated after seven hours 



BODT TEMPERATURE 

MORNING 

WEIGHT 

C TO BODT 

DEXTROSE 
TO BODT 

Oj CALC 

Start 

End 

Dlf 




kg 

gram 

grams 

grams 

38 28 

38 53 

+0 21 

14 24 




38 80 

39 20 

+0 34 

14 03 




37 62 

37 90 

+0 28 

16 07 




37 37 

37 89 

+0 28 





38 28 

38 48 

+0 20 

13 80 




38 47 

38 59 

+0 12 

13 92 




38 46 

38 52 

+0 06 

14 24 




3S 48 

38 5S 

+0 10 

13 4 




38 58 

38 72 


13 4 

0 85 

2 13 


38 54 

38 64 

+0 10 

13 5 

0 91 
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Metabolism after Meat Ingestion 


The intensity of the metabolism must be due either to the intensity 
of the intermediary processes of protein metabolism itself or, more 
probably, to the degree of mass action of ammo-acids acting as stimuli 
upon the cellular protoplasm 92 

C The results of the ingestion of 1000 grams of meat in Dog II 

Table IX presents the results of the ingestion of meat compared 
with the early morning minimum When 1000 grams of meat were 
given, 500 grams having been ingested the day before, the metabo- 
lism rose at once from the basal level of 16 2 to 29 6 calories, an 
increase of 13 4 calones or 83 per cent This increase of 83 per 
cent exactly corresponds to that m Dog I after giving 1200 grains 
of meat However, the nitrogen m the unne was not eliminated as 
freely as m Dog I That the upper limit of absorption in Dog II 
was reached after administering 1000 grams of meat was evi- 
denced by occasional partial vomiting of the food, which was, how- 
ever, afterwards eaten The dog was not absoliitely quiet in this 
experiment, making a single movement (perhaps raising the head?) 
every two to four minutes Attention need only be called to the 
usual discrepancy between calones found and calories calculated 
during the second and third hours following food ingestion 

The character of the hourly nitrogen metabolism m this dog 
after giving meat has already been indicated m Table IV and to 
that the following data may be added 


TABLE X 


DATE 

TIME 

TOTAL N 

TOTAL N 
PER HOUR 

FOOD 

1912 


(/rams 

crams 


May 1 

12 00-4 08 

3 348 

0 810 

1000 grams meat at noon 


5 00-6 00 

1 235 

1 235 


May 2 




500 grams meat at noon 

May 3 

12 00-1 00 


0 376 

1000 grams meat at noon 


1 00-2 00 


0 716 



2 00-3 00 


0 895 



3 00-7 08 

5 040 

1 218 

— 


3 This paper was completed before the publication of Fohn and Denis 
(this Journal, xii, p 141, 1912) in which was stated, “If such is the case, 
each tissue maintains a certain supply of each ammo-acid, and the urea 
formation from any particular ammo-acid, depends, so to speak, on t 
‘partial pressure’ of that particular acid ” 
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IV SUMMAB1 

1 A dog weighing 13 5 kgms , the heat production of which was 
22 3 calones during an hour previous to food ingestion, was given 
1200 grams of meat at noon The heat production rose to 36 calo- 
ries m the second hour and 42 m the third It was maintained 
above 40 calories per hour through the tenth hour In the four- 
teenth hour, it had fallen to 37 calories and then remained at 30 
calories up to the eighteenth hour, falling rapidly to 25 calories in 
the twenty-first hour 

2 Ingestion of 700 grams of meat by the same dog caused an 
increase m metabolism which was less than that caused by 1200 
grams, but m the two cases the increase was proportionate to the 
quantity ingested 

3 The increased metabolism was proportional to the nitrogen 
elimination, except in the second and third hours In the second 
hour the metabolism rose almost to its maximum although the 
urinary nitrogen reached only a third of its maximum Since the 
non-protein respiratory quotient for this period was often above 
90, it appears that carbohydrate and not additional protein was 
oxidized during this hour On this is based the argument that the 
incoming ammo-acids, m proportion to their mass action, stimulate 
the protoplasm to higher oxidation 

4 After giving 1200 grams of meat the hourly heat production as 
directly measured by the calorimeter essentially corresponded to 
that as calculated indirectly from the urinary nitrogen, the car- 
bonic acid output and oxygen intake, except in the cases of the 
second and third hours 

5 The reason that the calculated heat production does not 
always agree with that actually found during the second and third 
hours is largely due to the fact that the rectal temperature of the 
dog does not give a measure of the temperature increase of the 
whole dog This was shown by the fact that the skin temperature 
nses to a greater extent than therectal temperature after the inges- 
tion of food 

6 During fourteen hours after giving 1200 grams of meat, car- 
bon derived from protein metabolism was retained m the organism 
This carbon was retained as dextrose because calculations based on 
this assumption showed that the actual quantity of oxygen ab- 
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sorbed agreed within 0 9 per cent of that required, whereas, if 
carbon had been retained in the form of fat, 10 per cent less oxygen 
would have been required The dextrose retained m relation to 
nitrogen eliminated manifested the relation, D N = 1 2 1 

7 After gn mg 1200 grams of meat it may be calculated for 
the whole period that for every 100 calories of protein oxidized 
above that oxidized during the morning hour before food ingestion, 
there may be an additional heat production m the animal amount- 
ing to 45 calones 

8 Intestinal work (Darmarbeit) appears to have little to do 
with the increased heat production because a high metabolism is 
maintained in the fourteenth hour after food ingestion even though 
three-quarters of the nitrogen of the protein administered has been 
eliminated in the urine and the work of the intestinal canal must 
have been largely completed 

APPENDIX 

Showang urinary analyses "Residual” N is the estimated 
quantity for a fraction of an hour 
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378 Guaninehexoside from Thymus Nucleic Acid 

After considerable search, an enzyme was selected which permitted 
the isolation of one of the nucleosides entering into the structure 
of the molecule of the complex nucleic acid of animal origin The 
substance obtained is guaninehexoside It was semicrystalline, 
soluble in hot alcohol and separated from this solution on coolmg 
The substance has the composition CnHnN 6 06 It did not reduce 
Fehhng’s solution and with silver mtrate formed a precipitate 
only when the solution w r as neutral The silver compound imme- 
diately dissolved m a minimal excess of ammonia water It did 
not give the orcm test on direct boiling with hydrochloric acid 
but gave the test with hydrochloric acid containing some copper 
After hydrolysis the substance, on boiling with Fehhng’s solution, 
formed a voluminous white precipitate of cuprous guanine com- 
pound From the products of hydrolysis w ere obtained an osazone 
melting at 198° C and guanine sulphate 

EXPERIMENTAL PART 

The reaction mixture of nucleic acid and enzyme was made 
alkaline with ammonia and to the mixture 98 per cent alcohol was 
added as long as a precipitate formed This was removed bj 
filtration, and the mother liquor concentrated to dryness under 
diminished pressure This was again dissolved m water, the solu- 
tion rendered alkaline with an excess of ammonia and the treat- 
ment with alcohol repeated The final filtrate w as again concen 
trated to dryness under diminished pressure The residue was 
taken up m w ater and the nucleotides still present m the solution 
removed by means of a solution of basic lead acetate The pre- 
cipitate thus formed was removed by filtration and to the filtrate 
ammonia and more lead acetate solution added as long as a pre- 
cipitate formed The last precipitate was filtered and washe 
carefully with cold water It was finally suspended in water an 
decomposed by means of hydrogen sulphide The filtrate from 
lead sulphide was rendered slightly alkaline by means of ammonia 
and evaporated under diminished pressure to a thick syrup \ 
is very important not to omit this step, smce the purme hexosi es 
are easily decomposed even by acetic acid ) On cooling, the syrup 
is transformed into a gelatinous mass resembling crude guanosme 
The substance was then filtered on a suction flask over si ' an 
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then dissolved in hot alcohol, filtered and allowed to cool A 
sediment was formed on cooling, composed of rosettes resembling 
impure leucine 

The analysis of this substance gave the following data 


0 1120 gram of the substance gave 0 1746 gram of CO* and 0 0538 gram 
of HO 

0 1500 gram of the substance employed for a Kjeldahl nitrogen estima- 
tion required for neutralization 23 5 cc of sulphuric acid 


C 

H 

N 


Calculated for 
CuHuNiOi 
42 20 
4 84 
22 30 


Found 
42 50 
5 34 
21 93 


For hydrolysis about 0 200 gram of the substance was dissolved 
m 2 per cent sulphuric acid and heated on a water bath with return 
condenser for half an hour The base was removed with silver 
oxide Silver purme was filtered and decomposed with hydro- 
chloric acid The filtrate from the silver chloride was allowed to 
stand m the refrigerator and a sediment of guanme hydrochloride 
formed The hydrochloride was transformed into the free base 
by means of ammonia and this again transformed into the sulphate 
The filtrate from the silver purme was freed from silver and 
the free sulphuric acid neutralized with sodium acetate The 
clear solution served for the preparation of the phenylosazone 
For purification it was recrystalhzed out of water containing very 
little pyridine The osazone had the melting point of 198°C 




ON CEREBRONIC ACID 


BtP A LEVENE and W A JACOBS 
( From the Rockefeller Institute for Medical Research, New York ) 
(Received for publication, July 19, 1912 ) 

Cerebronic acid was first discovered by Thudichum, 1 who errone- 
ously considered it an isomer of steanc acid and named it neuro- 
stearic acid It was the merit of Thierfelder to correct the view 
of the first discoverer and to demonstrate that the substance was 
an oxyacid of the composition C^HboOb and not CibH^Ob In 
justice to Thudichum it must be stated that his analytical data 
agreed sufficiently with the figures required by the new formula 
for the substance There is, however, a considerable disagreement 
m the data of the two observers m regard to the melting point 
of their substances, Thudichum recording the melting point at 84- 
85°C and Thierfelder 2 at 98-99° On the basis of this there v as 
still open the possibility that the two substances had a different 
structure Hence it was urgent to establish the relationship of 
the two substances 

Concerning the structure of cerebronic acid, it was established 
by Thierfelder that it contained one hydroxyl group, and it was 
also made very probable by him that the molecule contained 
twenty-five carbon atoms It is well known that the percentage 
composition of carbon and hydrogen m the higher fatty acids 
does not furnish sufficient information regarding the number of 
carbon atoms m the molecule With a greater degree of proba- 
bility this can be established on the basis of the “acid value” 
of the substance 

Regarding the place of the hydroxyl group and regarding the 
character of the linking between the carbon atoms the u ork of 

1 Thudichum Die chemtsche Konslitution des Gehtrns, Tubingen, 1901, 
pp 194,195 

5 Zeitschr f physiol Chem , xlm, p 21, 1904 
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Cerebromc Acid 


Thierfelder offered no information The work of this author also 
failed to take cognizance of the optical activity of the substance 
The results of the present investigation led to the conclusion 
that cerebromc acid is the normal a-hydroxypentacosamc acid 
In the hydrolysis mixture it occurs m the form of two isomers 

30 * 

the optically active dextrorotatory form of [<*] D =+416° and 
the optically inactive form The active substance melts at a 
pomt somewhat higher than given by Thierfelder, 1 * 3 being 106— 
108°C , the inactive at 82-85°C Thus, apparently, Thudichum 
had in his hand the optically inactive substance, while Thier- 
felder’s was undoubtedly a mixture of the two It is possible, 
of course, that a substance with still higher rotatory power may 
be obtained 

The place of the hydroxyl group was established by the fact 
that on oxidation with alkaline permanganate solution the cere- 
bromc acid gave rise to an acid of the composition Q24H4BO2 
The normal character of the carbon chain was made probable 
by the transformation of cerebromc acid into a hydrocarbon that 
melted between 54-57°C According to Kraft 4 and Mane 5 the 
three nearest hydrocarbons have the following melting points 
CmHbo, 51°C , C»Hk, 53 5°-54 0°C , C^Hbi, 58°C 
Thus it seems very probable that the hydrocarbon obtained 
from cerebromc acid had the composition Q.5H52 This assump- 
tion is further substantiated by the fact that the acid value for 
the pure cerebromc acid corresponded to molecular weight value 
Of C25H60O3 

The optically active substance was separated from the inactive 
by fractional precipitation with lithium acetate 

EXPERIMENTAL PART 
Preparation of cerebromc acrid 

The acid was obtained from cerebrme Fifty grains of the 
cerebroside were taken up m 1500 cc of methyl alcohol containing 
70 grams of sulphuric acid to each 1000 cc The mixture vas 

1 Zeilschr f physiol Chem , xlia, p 21, 1904 

* Ber d deutsch chem Gesellsch , xv, p 1711, 1882 

6 Bull de la soc chrm , xv, p 567, 1898 
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heated with return condenser m a water bath for six hours and 
the separated acid and ester allowed to cool at 0°C They were 
then filtered on suction over silk and boiled with an excess of 
alcoholic soda in a water bath with return condenser for about 
four hours The mixture was then again allowed to cool and the 
soaps filtered off These were dissolved m glacial acetic acid 
containing enough hydrochloric acid to combine with the base of 
the soap The solution was then poured into a large volume of 
distilled water from which the free acid separated It was then 
filtered and dissolved m boiling alcohol, from which it separated 
on cooling 

Purification of the crude cerebromc acid 

Several processes were used for this purpose, but none of them 
can as yet be recommended as final Considerable effort uas 
lost in an attempt to obtain an acid with a very sharp melting 
point It was found that the acid melting at a higher temperature 
was less soluble m ether, petrolic ether (boiling at 60°C ) and 
hgrom (boiling at 80°C ) The purification was therefore accom- 
plished by repeated recrystalhzations of the substance from one 
of the three solvents as long as the melting point was rismg The 
final substance obtained in that manner had a melting point of 
102°C , which, however, was not very sharp This substance 
was further purified by fractionating it out of a methyl alcoholic 
solution with an alcoholic solution of lithium acetate In this 
instance the acid obtained from the top fraction had a fairly sharp 
melting point at 106-108°C The substance obtained from the 
lower fraction had a melting point of 82-84°C 

Ultimate analysis of the two acids 

Not less than twenty different samples of different melting 
pomts were analyzed They all agreed well with the theory and 
here will be given only three of them, the first melting at 106- 
108°C , the second at 95°C and the third at 82-84°C 

(1) 0 1224 gram of the substance gave 0 3388 gram COi and 0 13G0 gram H O 

(2) 0 1206 gram of the substance gave 0 3342 gram COs and 0 1356 gram H:0 

(3) 0 1194 gram of the substance gave 0 3292 gram CO and 0 1350 gram H 3 0 

Calculated for round 

1 2 3 

75 33 75 42 75 40 75 GO 

12 50 12 43 12 65 12 57 


C 

H 
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Optical activity of the acids 

Smee the acids had the same percentage composition and differed 
in their melting points it was natural to look for the cause of it 
m possible stereoisomerism, since the acid contains a hydroxyl 
group in the molecule As was stated already, the substance 
with the highest melting point had also the highest optical activity 

0 2190 gram of cerebromc acid (M P = 106°C ) dissolved in 5 0 cc of 
pyridine Total weight = 5 0126 grams, showed a rotation of + 0 35° in 
pure yellow light and in a 2 dm tube at 20°C 

, °Q 

[<*]' = + 4 01° (± 0 00°) 

0 2229 gram of the same substance fractionated once more by meansof 
bthium acetate was dissolved in 6 cc of pyridine Total weight = 5 0960 
grams Rotated in 2 dm tube and in pure yellow light 0 37° to the right 

on 

[<*]' = + 4 16° 0 01°) 

0 2667 gram of cerebromc acid melting at 92°C was dissolved in 5 cc 
of pyridine Total weight = 6 0763 grams Rotation in 2 dm tube m 
pure yellow light = 4- 0 10° 

20 

[a] n = +0 965° (± 0 00°) 

0 2000 gram of cerebromc acid, melting at 82-84°C , dissolved in pyridine 
Total weight = 5 0578 grams Proved inactive 

Molecular weight estimation 

The molecular weight was determined by titration with an f 
solution of sodium hydrate The acid u r as dissolved m a mix-ture 
of benzol and pure methyl alcohol It is not always an easy 
matter to obtain the acid of sufficient purity for the purpose 
The easiest way of obtaining the substance is by w r ay of the lead 
salt 

(1) 1 4394 grams of the acid dissolved in benzol -j- methyl alcohol 
Titrated with S alkali Phenolphthalem used as indicated Result ealeu 
lated to -nr value = 36 00 cc 

(2) 1 5896 grams of cerebromc acid treated m the same manner as the 
previous required 47 25 cc of alkali 

(3) 1 3073 grams cerebromc acid treated as above required 32 2 cc o 

yl; alkali - 

(4) 2 2440 grams cerebromc acid treated as above required 57 5 cc 0 
■nr alkali 
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(5) 1 5000 grams cerebronic acid required for titration 37 8 cc of A 
alkali 


Calculated for Found 

CtiHioOi 1 2 3 4 s 

M W 398 0 399 0 397 0 406 0 396 8 397 0 


Determination of the place of the hydroxyl group in the cerebronic acid 

This was determined by oxidation of cerebronic acid by an 
alkaline solution of potassium permanganate 6 Numerous experi- 
ments were performed, the conditions of oxidation remaining 
unchanged They were the following 

Nine grams of analytically pure cerebronic acid .were suspended 
m 300 cc of water contaimng 3 grams of potassium hydrate and 
heated until the acid formed a gelatinous soap This was then 
added to a hot solution of potassium permanganate, made up of 
1 liter of water and 4 5 grams of potassium permanganate The 
heating was continued until the color of permanganate changed 
to a brownish tint The boiling was then discontinued and the 
mixture decolorized by means of sodium bisulphite The insolu- 
ble soaps generally collected on the surface of the fluid 

The subsequent treatment differed m individual experiments 
In some the soaps u ere immediately transformed into the free 
acids, and this fractionated by means of ether and of ligrom In 
other experiments it was attempted to first separate the salts 
on the basis of the differences of their solubility in alcohol 

The most convenient procedure is the following Separate the 
sodium salts into two fractions, one soluble m hot alcohol, the 
other insoluble The latter fraction consists principally of un- 
changed cerebronic acid The hot alcoholic solution of soaps 
is allowed to cool until the soaps separate out These are filtered 
and converted into the free acids In this fraction the acid 
C 24 H 48 O 2 predominates Its purification is based on the property 
of its lithium salt to remain insoluble in boiling methyl alcohol 
The lithium salt is converted into the free acid For final purifi- 
cation it was transformed into the lead salt and this again recon- 
verted into the free acid 


* Edmed Journ Chem Soc , Ivon, pp 627-634, 189S 
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Analysis of (he acid C 2) H«0 2 

(1) 0 1220 gram of the acid gave 0 3492 gram C0 2 and 0 1382 gram HiO 

(2) 0 1238 gram of another sample gave 0 3568 gram C0 2 and 0 1400 gram 
H 2 0 

0 1228 gram of the second sample gave 0 3550 gram C0 2 and 0 1428 gram 
HO 

(3) 0 1214 gram of a third sample gave 0 3504 gram C0 2 and 0 1400 gram 
HO’ 

0 1212 gram of the third sample gave 0 3480 gram C0 2 and 0 1400 gram 
H 2 0 

(4) 0 1212 gram of the substance gave 0 3470 gram C0 2 and 0 1446 gram 

HO 

Calculated for Found 

CmHuO 12 3 4 

C . 78 20 78 10 (a) 78 45 (a)78 70 78 40 

(b)78 75 (b)78 40 

H 13 16 12 69 (a)12 72 (a)12 91 13 40 

(b)12 99 (b)12 92 

Analysis of the sodium salt of the new acid 

0 1636 gram of the sodium salt gave 0 0300 gram Na SO*, Na = 5 94 per 
cent 

Calculated for 
CjiHnOiNa Found 

Na 5 90 5 94 

Molecular weight estimation of the new acid 

0 9500 gram of the acid dissolved in benzol and meth>l alcohol and 
titrated with i alkali, figures given in -nr alkali Required, 26 5 cc of 
-nr alkali 

0 9578 gram of the same substance required for neutralization 25 75 
cc of -nr alkali 

Calculated for Found 
ChHuOi I * r 

M W 368 0 375 0 371 0 

Melting point of the new acid 

The melting point of the new acid was at 81-82°C Of the two known 
acids having the composition C^H^Oj one, hgnocenc, melts at 80 5 
and the other, carnaubic, melts at 72 5° It is possible that the substance 
is identical with lignoceric acid 

Reduction of cerebromc acid until hydroiodic acid 

The object of the first experiment under the conditions to be 
here described was to reduce the hydroxyl group and thus to 
obtain an acid of the composition C 25 Heo 02 Unexpectedly a su 


i 
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stance was obtained containing considerable phosphorus, but the 
organic radicle of the substance possessed the composition of a 
hydrocarbon The e\-penments were all repeated under identical 
conditions It is possible that the yield might have been improved 
by following the directions of Kraft 7 for the reduction of fatty 
acids to the corresponding hydrocarbons, but the simplicity of 
this process was very attractive 

Lots of 2 grams of the acid with 10 cc of hydroiodic acid, of 
specific gravity 1 96, and 0 5 gram of red phosphorus were heated 
m sealed tubes at 125°C for four hours The tubes were 
then opened, the hydroiodic acid diluted with an equal volume of 
water, again sealed and heated at 110-115°C for about three 
hours The product of reaction had a white solid appearance 
It was washed with water, dissolved m hot alcohol and allowed to 
cool The substance solidified and was filtered The substance 
was again dissolved m alcohol, a few drops of phenolphthalem 
added and rendered alkaline by means of an alcoholic solution 
of sodium hydrate The solution was evaporated to dryness 
The dry mass was transferred to a flask and distilled at about 
0 5 mm pressuie The distillate was purified by redissolvmg m 
hot alcohol and allowing the solution to cool The substance 
was then filtered and freed from adhering alcohol by melting 
Many samples were analyzed The analysis of two will be 
reported here 

0 1300 gram of the substance gave 0 4092 gram of C0 2 and 0 1673 gram 
of HO 

0 1041 gram of the substance gave 0 3277 gram of CO: and 0 1337 gram of 
H:0 

Calculated for Found 

C«sHa2 I II 

c 85 10 85 30 85 70 

H 14 90 14 31 14 37 


The melting point of the hydrocarbon 

The melting point of one sample of the hydrocarbon was 53- 
56°C , of another, 54-57°C Kraft determined the melting pomt 
of the normal tetracosan at 51 1°, of heptacosan 59 5°C , and 
Marie found for pentacosan 53 5— 54°C Perhaps if ve had suffi- 

7 Ber d deutsch chem Gesellsch , xv, p 1687, 1882 
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cient material for a second distillation of the paraffin the melting 
point might have come down to that of Marie On the other 
hand, the difference in the melting points of normal, tn- and 
tetracosan is 3 4°C , and according to this the melting point for 
pentacosan may be expected to be 54 5°C , against 53-56°C 
found for our substance 



ON THE CEREBROSIDES OF THE BRAIN TISSUE 

BrP A LEVENE and W A JACOBS 

(From the Rockefeller Institute for Medical Research, New York ) 

(Received for publication, July 19, 1912 ) 

Under the general name of cerebrosides have been described a 
number of individual substances designated by special names and 
apparently possessing distinct chemical and physical properties 
The exact relationship of the substances one to another has not 
been fully established The subject has been treated m a critical 
way m several exhaustive articles written by men as competent 
as Frankel , 1 Leathes , 2 Bang 3 and Cramer 4 * One is surprised to 
find that the views of these writers are in disagreement on some of 
the fundamental points regarding the relationship of different 
cerebrosides The better known substances of this group are 
phrenosme and kerasine of Thudichum , 6 cerebrme, homocerebrme 
and encephalme The first two of the latter three were studied by 
Parcus 6 and by Kossel and Freytag 7 Finally to the same group 
belong cerebron of Thierfelder and pseudocerebrme of Gamgee 
Bang, the most skeptical of the writers, believes m the existence 
of only two cerebrosides phrenosme and kerasme Cramer and 
Leathes are inclined to distinguish between cerebnne and cerebron, 
and admit the individuality of kerasme and of homocerebrme 
The latter two substances they consider identical Also Frankel 
is inclined to regard cerebnne, cerebron, pseudocerebrme and phren- 

1 Ergeb d Physiol , viu, p 212, 1909 

2 The Fats, Longman, Green and Co , 1910 

5 Chemie und Biochemie der Lipoide, Wiesbaden, 1911 

4 Biochemisches Handlexicon, m, p 225, 1911 

8 Die chemische Konsliluhon des Gehirns, 1901 

8 Journ f prakt Chem , wiv, p 310, 1881 

7 Zeitschr f physiol Chem , \vu, p 431, 1893 

1S9 
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osine as one substance On the basis of personal experience this 
view was also defended by Gies and Posner 8 

However, it must be remarked that the views of most of the 
writers are not supported by indisputable experimental proof 
The hypotheses are mostly a matter of personal preference, and 
most writers express them with great caution The difficulty m 
coordmatmg the data on the different cerebrosides is largely due 
to the fact that the investigations have been carried out by differ- 
ent workers at very distant intervals and no one worker attempted 
to coordmate his results with those of his predecessors It was 
realized that three principal cerebrosides must be closely related 
one to another, but it was not clear wherein the point of distinc- 
tion was contamed 

It was the aim of the investigation, here to be presented, to 
search for these 

As there existed complete accord regardmg the identity of the 
base and of the carbohvdrate entenngmto the composition of phren- 
osme, cerebnne, cerebrnn and kerasme, their pomt of distinction 
has to be looked for m the fatty acids that helped to make up their 
molecules In reality the data regarding the melting points and 
the percentage composition of the fatty acids present striking 
differences Hence our attention was directed to the study of the 
fatty acids of the mixed cerebrosides as obtained by the process of 
Parcus At first it seemed as though an acid could be isolated that 
was richer m carbon than cerebronic acid and which had a very 
low melting point But on purification of that substance it always 
showed the composition of cerebronic acid, although it always 
possessed a low melting pomt It was then discovered that the 
acid wnth the low r meltmg pomt was the optically inactive cere- 
bronic acid Thus no evidence was obtained in favor of the view 
that another acid than cerebronic acid w as present among the de- 
composition products of the mixed cerebrosides If it was present 
its quantity undoubtedly was very small Hence, the cerebrosides 
referred to in this publication seem to be identical from the stand- 
point of the character of their components 

Another fact supporting the view of the chemical identity of the 
cerebrosides w r as found m the following 


* This Journal, 1 , p 59, 1905 
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The mixed cerebrosides were fractionated first according to 
Parcus on the basis of the difference m their solubility in alcohol 
Each fraction was then recrystallized from glacial acetic acid 
Under this condition from cerebrme and from kerasine substances 
w ere obtamed that possessed the same composition and the same 
melting point as cerebron and hence, could be both regarded as 
cerebrme or cerebron In the glacial acetic acid mother liquor there 
remained a small quantity of substance that was extremely solu- 
ble in glacial acetic acid and m alcohol at room temperature The 
proportion of this substance was very small and as yet has not been 
further studied However, the fact W'as made clear that the major 
part of cerebrme and of kerasine was composed of the substance 
having the composition of cerebron And yet, when entirely free 
from impurities, the different fractions differed m their solubility 
in alcohol and m their physical appearance as they settled out of 
alcohol The differences were the same as described by Parcus for 
cerebrme and homocerebrme 

The similarity of cerebrme, cerebron, and kerasine is also sup- 
ported by the bromine estimation made by Kossel and Freytag 
There is only one double bond in the molecule of cerebron, which 
could lead to the formation of a dibrom derivative, and not a 
tnbrom body as assumed by Kossel and Freytag The theory for 
a dibrom cerebron requires 16 22 per cent of bromine, wdiereas 
Kossel and Freytag found 16 60 and 16 30 per cent for cerebrme 
and 16 90 and 17 25 per cent for kerasine 

It is also noteworthy that m all the three cerebrosides the pri- 
mary ammo group of the sphingosine is substituted, as none of 
them, treated with nitrous acid m the apparatus of Van Slyke, 
gives rise to nitrogen gas 

A difference appeared only when the optical activity of the 
substance was studied It w'as found generally that the substances 
obtained from the cerebrme fraction w'ere dextrorotatory, while 
those obtained from the kerasine fraction w r ere generally optically 
inactive, and once a sample was obtamed from the kerasme fraction 
that was strongly levorotatory Furthermore, by means of a 
mixture of pyridine and alcohol it was found possible to fractionate 
the dextrorotatory substance into a fraction practically inactive 
and into another with a dextrorotation higher than that of the 
original substance 
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Since the three cerebrosides are distinguished principally by 
differences m solubility and since there is no evidence to the effect 
that they are composed of different elements, one may feel justified 
m advancing the hypothesis that the three cerebrosides are all 
mixtures of stereoisomenc substances The difference m the 
solubility of the various substances may be determined by the 
proportion of the optically active and inactive substances It 
would perhaps be simpler to abandon most of the nomenclature 
and to refer to cerebrosides as d-cerebnne, Z-cerebnne and dl- 
cerebnne Of course, it still is necessary to discover a method by 
which a separation could be accomplished conveniently Cerebnne, 
cerebron and phrenosme correspond, to d-cerebnne, kerasme and 
homocerebrme to di-cerebnne Of course the possibility is not 
excluded that the lipoids of the bram contain cerebrosides of an 
entirely different order 

EXPERIMENTAL PART 
Preparation of cerebrosides 

Part of the cerebrosides were prepared following the directions 
of Parcus, the other part by a slight modification of the process 
The details were the following Brains freed from the membranes 
were passed through a hashinE machine and suspended m a barium 
hvdrate solution The mixture was brought to a bod and tne 
solid bram tissue separated from the bquid by filtering through 
cheese cloth The residue was then suspended m 95 per cent 
alcohol and the mixture was brought to a boil mapercolator The 
alcohol was then removed and the extraction continued with 95 
per cent alcohol containing 5 per cent of ammonia water The 
extraction was contmued as long as the alcohol gave a precipitate 
on coolmg The combined alcoholic extracts were placed in a 
refrigerator at — 1°C A sediment formed on standing This w r as 
agam dissolved m 95 per cent alcohol and again placed in the re- 
frigerator The precipitate of mixed cerebrosides thus formed was 
then extracted by means of absolute alcohol m a water bath a 
65°C The alcoholic filtrate was placed m a thermostat and there 
allowed to cool The precipitate thus formed was considers as 
cerebnne m the sense of Parcus In the early phases ot the wor 
the mother liquors from cerebnne were allowed to stand at room 
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temperature over night, which gave rise to anmtermediate fraction , 
the mother liquor from this was placed m the refrigerator, and the 
precipitate there formed was regarded as homocei-ebrine or kera- 
sine Later the intermediate stage was omitted and the mother 
liquor from cerebrine placed immediately in the refrigerator The 
traces of ash still present were removed according to the directions 
of Parcus 

Proportion of the three fractions m the mixed cerebrosides 

About 35 grams of the mixed cerebrosides dissolved m absolute 
alcohol were allowed to stand m the thermostat room over night 
the precipitate, thus formed, filtered and dried in a vacuum desic- 
cator, weighed 16 5 grams or 47 4 per cent From the mother 
liquor of this at room temperature separated out 4 grams or 11 4 
per cent of the second fraction, and finally, from the second 
mother liquor separated in the refrigerator at --1° 14 2 grams 
of the third precipitate or 40 6 per cent of the total cerebrosides 

Precipitate I = 47 4 per cent of total 
Precipitate II = 11 4 per cent of total 
Precipitate III = 40 6 per cent of total 

Purification of the fractions 

a By means of glacial acetic acid It was then found that every 
one of these fractions could be fractionated by means of glacial 
acetic acid into two fractions, the soluble and insoluble The 
soluble fractions were freed from the acid by distillation under 
diminished pressure The residue was redissolvecl m hot alcohol 
and on cooling gave a precipitate, this again could be fractionated 
by means of glacial acetic acid, so that finally the greatest part of 
the cerebrosides could be crystallized out of glacial acetic acid 
h By means of a mixture of one part of pyridine, to one part of 
alcohol (98 per cent ) The precipitate obtamed from the glacial 
acetic acid can be fractionated bj r this mixture One part of the 
substance was dissolved m thirty parts of the mixture and allow ed 
to stand over night at room temperature The filtrate on cooling 
m an ice and alcohol mixture formed a second precipitate which w as 
filtered off The mother liquor from the second precipitate, evap- 
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orated to dryness at diminished pressure and recrystalhzed out of 
alcohol, gave a very small third precipitate The fractionation by 
means of this solution was very sharp with the substance obtained 
from the cerebnne fraction When the substance obtamed from 
kerasme was dissolved m the pyridine mixture the physical appear- 
ance of the two fractions was not very different one from the 
other, and the precipitate filtered with difficulty 

Analysis of the substances obtained from the various fractions 

Cerebnne out of alcohol 

(la) 0 1359 gram of the substance gave 0 3442 gram of COi and 0 1388 
gram H.O 

(lb) 0 1304 gram of the substance gave 0 3324 gram of COj and 0 1326 
gram HjO 

(la) 0 1920 gram of the cerebnne out of alcohol was employed for a 
Kjeldahl nitrogen estimation It required for neutralization 2 5 cc of tt 
acid N = 1 9 per cent 

(lb) 0 2154 gram of cerebrme out of alcohol employed for a Kjeldahl 
nitrogen estimation required for neutralization 2 6 cc of tit acid N = 1 69 
per cent 


Cerebnne out of glacial acetic acid 

(2a) 0 1210 gram of the substance gave 0 3092 gram of COj andO 1188 
gram H,0 

(2b) 0 1180 gram of the substance gave 0 2986 gram of COi and 0 1152 
gram HjO 


Kerasine out of alcohol 

(1) 0 1198 gram gave on combustion 0 3078 gram of COi and 0 1258 gram 
of H,0 

(1) 0 1524 gram of the same substance employ ed for Kjeldahl nitrogen 
estimation required for neutralization 1 7 cc of t£t acid, N = 1 60 per cent 

Kerasine out of glacial acetic acid 

(2a) 0 1132 gram of the substance gave on combustion 0 2872 gram CO i 
and 0 1168 gram H-0 

(2b) 0 1102 gram of the substance gave on combustion 0 2836 gram 
and 0 1188 gram HjO 
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c 

H 

N 



per cent 

per cent 

per cent 

Calculated for cerebron, C^H^NOg 

69 65 

11 24 

1 70 


la 

69 10 

11 43 

1 90 

Found for cerebnne 

lb 

69 51 

11 37 

1 69 


2a 

69 60 

10 96 



2b 

69 00 

10 92 


Found for kerasme 

la 

69 90 

11 75 

1 60 

(homocerebrme) 

2-i 

2b 

69 20 

70 08 

11 55 

12 06 



The melting points of the various cerebrosides 

Regarding the melting points of the cerebrosides the records 
of individual investigators show marked variations The lowest 
value found by Parcus and by Kossel and Freytag for kerasme was 
155-156°C , and the highest was recorded by Worner and Thier- 
felder for cerebron, at 209-212°C The melting points of our 
substances also varied, depending on the degree of purification of 
the substances The cerebrosides crystallized out of alcohol and, 
still containing some ash, showed decomposition rather than melt- 
ing at the temperature of about 200°C Substances carefully 
purified and, particularly, those purified by recrystalhzation out 
of glacial acetic acid possessed a very sharp melting point of 195°C 
On fractionation out of the pyridme mixture two fractions were 
obtained a more insoluble, melting at 210°C , and a less insoluble, 
melting at 195-198°C The character of melting, described by 
Worner and Thierfelder for their cerebron, leads us to the belief 
that the sample m their possession undoubtedly consisted of a 
mixture of the isomers 

Optical rotation of the various fractions 

Two samples were employed for the determination of the optical 
activity of the cerebrosides one of the cerebnne and one of the 
kerasme (homocerebrme) fractions They had been recrystalhzed 
from glacial acetic acid, and the analytical data from them have 
been reported m this communication They had a sharp melting 
point, first liquefying and then decomposing at 195°C In macro- 
scopic appearance the first substance had the character of a fine 
granular powder, the other that of a solid waxy mass 
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The optical rotation of the fractions was the following 

Cerebrvne 

0 5295 gram of the substance was dissolved in 5 cc of pyridine Total 
weight = 5 3249 grams and rotation at t = 25°C and m pure yellow light 
in 1 dm tube was 0 10° (=*= 0 00) to the right 

NT =+ior 


Kerasine 

0 8175 gram of the substance was dissolved m 8 cc of pyridine Total 
weight = 8 3755 grams There was no optical activity detectible m a 1 dm 
tube and in pure yellow light 

Rotation of the substances fractionated by a pyridine alcohol mixture 

Five grams of each of the tested substances were dissolved in 30 cc of 
warm pyridine to which 120 cc of 98 per cent alcohol had been added The 
solution was allowed to stand at room temperature (25°C ) over night, then 
filtered on suction, washed with ether and dried The mother liquor was 
chilled in an alcohol ice mixture and filtered at low temperature The 
rotations of the fractions were the following 

Cerebrine 

First fraction 0 5090 gram of the substance dissolved in about 10 cc 
of pyridine Total weight = 9 4852 grams Rotation at 25°C in pure 
yellow bght and in 2 dm tube — + 0 20° 

[ a ]^ 5 = + 1 88° (=* 0 00°) 

Out of 5 grams of the original substance about 2 5 grams of this first frac- 
tion and about 0 5 gram of a second fraction separated on cooling The 
second fraction was inactive The mother liquor from the second fraction 
gave a residue very soluble in alcohol This was not tested further 

Kerasine 

Originally inactive The first fraction, or the one insoluble at room tern 
perature, was optically tested 0 4988 gram of the substance was disso ie 
in 10 cc of pyridine Total weight = 9 4282 grams Rotation in 2 m 
tube, at room temperature of 25“C , and in pure yellow light = + 
f ± 0 00) 

[«]“ = + 0 47° (± 0 00°) 


The second fraction from the same sample was inactive 
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The values of the specific rotation of all these substances were 
lower than those reported by Thierfelder for cerebron, hence one 
is led to the conclusion that they consisted of mixtures of isomers 

Hydrolysis of cerebnne for the purpose of estimating the proportion 

of galactose 

Experiment 1 Twenty grams of cerebnne were taken up in 
500 cc of alcohol containing 50 grams of sulphuric acid and boiled 
m a water bath with return condenser for six hours Preliminary 
experiments have shown that the maximal hydrolysis cannot be 
obtained in a shorter time The solution was then placed m the 
refrigerator over night The fatty acids and esters were then 
removed by filtration The mother liquor was then diluted with 
one liter of water and boiled with return condenser five hours m a 
water bath The product of hydrolysis was then freed from sphin- 
gosme and from alcohol and the sugar estimated by reducmg 
Fehhng’s solution, estimating the cuprous oxide by Volkard’s 
method The yield of galactose was 5 grams or 20 per cent 

Experiment 2 Three grams of cerebnne were taken up in 50 
cc of alcohol containing 5 grams of sulphuric acid and treated m 
the same manner as m the preceding expenment The yield of 
galactose was 0 56 gram or 18 7 per cent 

Theory for cerebron, CuHjjNOj, required 21 5 per cent of CeHnOt 
Found Experiment 1 20 0 per cent 

Experiment 2 18 7 per cent 

Taking into consideration that the removal of the fatty acid and 
of sphmgosme always leads to some loss the agreement is quite 
satisfactory 

Analysis of the fatty acids 

The mixture of fatty acids and esters obtained on hydrolysis of 
the mixed cerebrosides was saponified in the usual way and the 
soaps transformed into the free acids These were separated mto 
two fractions by means of ether The fatty acids were dissolved 
in boiling ether and the ethereal solution allow ed to stand m the 
refrigerator A fraction separated consisting practically of pure 
cerebromc acid The first precipitate thus obtained often lnd the 
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composition of C = 76 4, 76 3 or 76 1, and H = 12 6, 12 3 or 12 4 
A comparatively small part of the total acids always remained m 
the ethereal mother liquor The acids were obtained from this 
by removing the ether by distillation and recrystalhzmg the residue 
out of alcohol or out of acetone The precipitate thus obtamed 
vaned m its carbon content from 77 to 78 5 per cent, and hydrogen 
content of about 12 5 to 13 0 per cent It was thought that an 
acid of the composition C^HjsCb may be present in that fraction 
However, in every experiment the acid value was low, and on the 
other hand, the fraction contained no methyl or ethyl esters, smce 
the presence of methyl or ethyl groups could not be demonstrated 
by the method of Zeist and Fanto or by the saponification value 
In the later phases of the work it was learned that cerehromc 
acid formed a lithium salt, soluble in hot alcohol, and the same 
salt of C24H48O2 was insoluble When the fraction contaimng the 
high carbon value was transformed into the lithium salt it was 
found that it was either all soluble m hot methyl alcohol or, if 
some remained as an apparently insoluble residue, it also was com- 
posed principally of cerebronic acid, containing carbon 76 5 per 
cent and hydrogen about 12 7 per cent Thus the attempts to 
identify the acid C24H48O2 among the products of hydrolysis of 
mixed cerebrosides were not successful 

An experiment was then made in which 30 grams of cerebnne 
purified by glacial acetic acid were hydrolyzed m the usual w ay and 
the free acids were transformed into the lead salt and this again 
freed from lead The analysis of the acid obtained in this manner 
had the following composition 


0 1194 gram of the substance gave 0 3292 gram CO and 0 1350 gram HiO 



(calculated for 

Found 


CuHjoOi 


(Cerebronic acid) 


c 

75 38 

75 40 

H 

12 56 

12 65 


Thus the attempts failed to discover on hydrolysis of mixed 
cerebrosides an acid that was not cerebronic acid If SU( d* 15 
present it is undoubtedly m the form of an impurity derived from 
some substance other than the cerebrosides 
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Two opposing views are held concerning the manner m which 
the organism assimilates the amino-acids formed in the intestine 
from digested proteins 

Abderhalden 1 believes that in passing the intestinal wall the 
amino-acids are synthesized into a blood protein This enters 
the circulation, from which the cells of the tissues take it, break 
it down again into amino-acids and from these rebuild their own 
characteristic proteins The reason for this view, that the ammo- 
acids are resynthesized into protein while passing the intestinal 
wall, is, that although ammo-acids are abundant m the intestinal 
contents, attempts to demonstrate them in normal blood have 
met with absolute failure Against this view the objection is 
valid, that it is based on negative results and that more sensitive 
methods than those hitherto applied might reveal ammo-acids 
m the blood , 

Bugha 2 offers evidence indicating that the body is capable of 
utilizing ammo-acids which have entered the blood stream He 
injected intravenously into dogs amounts of ammo-acid mixtures 
comparable to those formed from the food, and found that, when 
the injection was performed slowly, no serious ill effects followed 
and only a small part of the ammo-acid nitrogen was excreted 
Folin and Denis 3 injected large amounts of amino-acids directly 
into the small intestines of cats and noted a subsequent increase 

1 Synthese der Zeflbausteine, 1912 

2 Zeitschr f Biol , lvm, p 162, 1912 Bugha also gives earlier literature 

3 This Journal, xi, p 87, 1912 
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- m the fraction of blood nitrogen left after subtracting the protein 
and urea Neither the results of Bugha nor those of Folm and 
Denis, however, demonstrate the presence of amino-acids in the 
normal blood during periods of either digestive activity or rest 
So long as this demonstration remains unperformed, the conten- 
tion of Abderhalden cannot be refuted, that during normal diges- 
tion, with the chyme gradually passing m small portions from the 
stomach to the intestine and from the intestine to the blood, the 
latter passage is accompanied by synthesis of food amino-acids 
into blood protein 

It was evident that for the solution of the problem a method 
was necessary sufficiently delicate to ascertain decisively whether 
amino-acids are present m or absent from the blood, and sufficiently 
accurate to detect the fluctuations normally occurring in ammo- 
acid nitrogen if it is present We have found that the nitrous 
acid method for determination of ammo nitrogen can be easily 
used for the blood and answers the above requirements We 
have consequently applied it to the problem of protein assimila- 
tion 

METHOD FOR DETERMINATION OF AMINO-ACID NITROGEN IN BLOOD 

Thirty to fifty cubic centimeters of freshly drawn blood are 
mixed with 9 or 10 volumes of 95 per cent alcohol to precipitate 
the proteins The volume of the alcohol-blood mixture must be 
known, but in case it is not convenient to use a graduated cylinder 
for the mixture, its volume can be taken as the sum of the volumes 
of alcohol and blood without essentially affecting the results 
The alcohol and blood are thoroughly mixed, the vessel contain- 
ing them is closed, and twenty-four hours are allowed for precipi- 
tation of the proteins to become complete The solution is filtered 
through a dry folded filter into a measuring cylinder, without 
washing the precipitate The volume of filtrate obtamed is noted, 
and is taken for analysis as an aliquot part of the total blood- 
alcohol mixture The filtrate is then concentrated to a volume 
of 3-5 cc and used for determination of ammo nitrogen by Van 
Slyke’s nitrous acid method 4 The use of a few drops of acrylic 
alcohol to prevent foaming is advisable 

4 This Journal, ix, p 185, xn, p 275 
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The precipitation with alcohol is a simple and effective means 
of removing the proteins The filtrate, even when concentrated, 
gives no biuret test The completeness of the removal of pro- 
teins is further evidenced by the fact that when m control 
tests the alcohol was driven off from the filtrate and the residue 
was hydrolyzed with hydrochloric acid, the ammo nitrogen 
set free by the hydrolvsis amounted to only 2 mgm per 100 cc 
of blood 

Whether the alcoholic filtrate is concentrated on the water 
bath or under diminished pressure appears to make little difference 
with the results We have, however, as a regular thing, concen- 
trated under diminished pressure m a double-necked flask, trans- 
ferring the solution towards the end of the distillation to a small 
flask, from which it can be removed with a minimum amount of 
wash water This method of concentration is the most rapid, 
and the lipoids which separate when the alcohol is driven off 
take the form of a fine emulsion, which does not interfere mechani- 
cally or otherwise with the ammo determination They can be 
removed with ether, but this is unnecessary 

For the amino determination one can either wash the concen- 
trated filtrate into a 10 cc graduated flask, measuring off 9 7 or 
9 8 cc of this m the burette of the amino apparatus, or one can 
transfer the filtrate directly from the small distilling flask into 
the 10 cc burette of the ammo apparatus, using several portions 
of 2-3 cc of water each to clean out the flask and wash the solution 
completely into the deaminizing bulb We have usually used the 
latter method 

The ammo determination is much simpler than m the case of 
urme, because the amount of ammonia in the blood is negligible, 
and the urea content is so slight that the correction for the propor- 
tion of urea nitrogen (about 3 per cent), given off while the ammo- 
acids are quantitatively decomposed, is scarcely sufficient to 
affect the significance of results if it were entirely neglected 
We have, however, always determined and made this correc- 
tion according to the principle utilized in the determination of 
ammo nitrogen m the urme 6 The correction rests on the 
fact that m two to four minutes (according to the temperature) 
amino-acids give off 100 per cent of their nitrogen Contmumg 

• This Journal, joi, p 276 
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the reaction for an equal length of time thereafter results, when 
urea is present, in the evolution of a further amount of mtrogen 
from the urea, this amount being equal to that evolved from the 
urea while the ammo-acid was being decomposed m the first 
period With the small amounts of urea present m the blood 
it is unnecessary to make an entire extra analysis to determine 
the correction The latter is ascertained as follows For the 
decomposition of the ammo-acids the reaction is run with constant 
rapid shaking for four minutes at a temperature below 20°, for 
three and a half minutes at 20-25° and for two to three minutes 
above 25°, the time being accurately measured At the end of 
the reaction the nitrogen gas is purified and measured m the usual 
way, and then expelled from the apparatus through cock c (see 
figure 2, p 278, preceding number of this Journal) The solution 
left in the deaminizing bulb D is now shaken and treated exacth 
as described on page 2&Q of the above article for determining 
whether the reaction is complete or not The length of time 
between the end of the first reaction and that of the second should 
be accurately that of the first reaction The gas formed during 
the second period is shaken out woth permanganate and measured 
This represents the urea correction and is to be deducted from the 
first reading The latter, minus this correction, represents onl} 
amino-acid mtrogen, since other forms of amino nitrogen, such 
as fatty amines, ammo-purines, ammo-pynmidines and ammonia, 
react slowly and w ould if present be corrected for wnth the urea 
In case it is inconvenient to finish the second reaction in as short 
a period as the first, it may be allowed to run one or two minute' 
longer, the correction being calculated on the rate of urea nitrogen 
evolved per minute It is essential that the solution should be 
shaken rapidly during the last minute to expel all the nitrogen 
formed The fact that under these conditions very nearly t e 
same amount of nitrogen is evolved in the first and second perio s 
is indicated by the following four pairs of determinations, earn 
of which was made with 10 cc of 0 5 per cent urea 

i 

CC 

N m first three minutes 2 0 

N m second three minutes 2 2 


u 

cc 

2 2 
2 2 


m 

CC 

2 1 
2 2 


IV 

cc 

2 4 
2 6 
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The maximum difference, 0 2 ce , is equivalent to only 0 1 mgm 
of ammo mtrogen, and the corrections actually found in blood 
work are usually less than 2 cc 

To ascertain whether the technique above described involves 
losses of amino-acids, particularly whether they are precipitated 
with or adsorbed by the proteins, the following experiment was 
performed 

One hundred cc of fresh defibrinated blood, drawn from a dog which 
had fasted twenty-four hours, was precipitated with 1 liter of alcohol 
(Total volume = 1100 cc ) Of the filtrate, 800 cc , equivalent to 72 7 cc 
of blood, were concentrated, freed from lipoids with ether and brought to 
25 cc Ten cc portions, equivalent to 29 1 cc of blood, were used for amino 
determinations 


I 

CC 

II 

CC 

N in first 4 minutes 

2 95 

N in first 3J minutes 

2 85 

N in second 4 minutes 

0 60 

N in second 3J minutes 

0 50 

JT from amino-acids 

2 35 


2 35 


2 35 cc of mtrogen at 26°, 754 mm , from 29 1 cc of blood indicate J, h° 
mgm of amino-acid nitrogen per 100 cc 

To another 100 cc of the same blood 1 gram of alanine, much more amino- 
acid than we have ever encountered in the blood in nature, was added 
Other detads of the analysis were identical with the above 


N gas in three and one-half minutes 

l 

85 2 cc 

II 

85 6 cc 

N from ammo-acids and urea of blood 

2 9 cc 

2 9 cc 

N from added alanine 

82 3 cc 

82 7 cc 

Temperature 

26° 

27° 

Pressure 

754 mm 

754 mm 

Alanine N per 100 cc found 

0 1554 gm 

0 1550 gm 

Alanine per 100 cc found 

0 9880 gm 

0 9860 gm 

Alanine per 100 cc added 

1 0000 gm 

1 0009 gm 


AMINO-ACID CONTENT OF BLOOD FROM NORMAL FASTING DOGS 

The animals used for the following experiments had fasted for 
twenty to twenty-four hours before the blood was drawn 6 The 
results indicate that the ammo-acid content varies within rela- 
tively narrow limits 

6 For the samples from the carotid artery and the vena ca\ a we thank 
Dr Auer and Dr Githens 
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DOG NO 

SOURCE OF BLOOD 

VOL OF BLOOD 
EQUIVALENT 
TO FILTRATE 
UBED 

N 

(CORRECTED 
FOR UREA) 

TEM- 

PERA 

TURE 

PRES 

BURE 

AMINO ACID 
NITROGEN PER 
100 CC BLOOD 



CC 

CC 

degrees 

C 

mm 

mgm 

1 

Femoral artery 

29 1 

2 35 

26 

754 


f4 4 

1 

Femoral artery 

29 1 

2 35 

26 

754 

i 

[4 4 

2 

Femoral artery 

28 4 

2 10 

25 

762 

J 

f4 1 

2 

Femoral artery 

28 4 

2 20 

25 

762 

1 

[4 3 

3 

Vena cava 

21 5 

2 10 

24 

760 


5 4 

4 

Carotid artery 

59 0 

5 80 

25 

760 


5 4 

5 

Femoral artery 

51 0 

4 20 

25 

760 


3 7 

6 

Femoral artery 

35 5 

3 30 

25 

760 


5 2 

7 

Carotid artery 

37 5 

2 20 

31 

758 


3 1 

8 

Femoral artery 

40 0 

3 00 

30 

758 


4 0 

8 

Mesenteric vein 

40 0 

2 90 

30 

758 


3 9 


Experiment I Behavior of intravenously injected alanine 

A male dog of 14 kilos weight was cathetenzed and the bladder 
was thoroughly washed out One cannula was placed m the 
right femoral vein, another m the left femoral artery A sample 
of blood was drawn from the artery, and immediately afterwards 
the injection of 12 grams of dl-alamne dissolved m 400 cc of water 
into the vein of the other leg was commenced At intervals 
samples of blood were drawn At the end of the experiment the 
bladder was again washed out and the excreted amino-acid mtro 
gen determined The results are here summarized 



TIME 

[TIME AFTER 
END OF I 
INJECTION 

FREE 

ASIlXO-AClDf 

N PER 100 

CC 

ESTIMATED 
ALANINE IN 
CIRCULATION 

UNPRECIPITATED 
AMINO NITROGEN 
PER 100 CC FREED 
BT HYDROLYSIS 


P m 

mxnules 

mgm 

grams J 

mgm 

Drew blood sample 






I Normal 

3 15 


4 2 

0 00 

2 1 

Began injection 

3 17 





Finished injection 

3 30 





Drew sample II 

3 35 

5 

37 2 

1 47 

X 8 

Drew sample III 

3 42 

12 

20 8 

0 64 

1 5 

Drew sample IV 

4 05 

35 

12 3 

0 36 

1 4 

Drew Bample V 

4 30 

60 

12 3 

0 36 

1 7 
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Total nitrogen m unne 0 445 gram 

Ammonia nitrogen in unne 0 015 gram 

Free amino-acid nitrogen in unne 0 236 gram 

equivalent to 1 501 grams alanine 
Total ammo-acid nitrogen in unne 0 233 gram 

The excreted alanine was optically inactive 


The injected alanine disappeared from the blood with such 
rapidity that five minutes after the injection only 1 47 grams out 
of the 12 grams injected remained m circulation and m thirty- 
Sve minutes only 0 36 gram A relatively small proportion, 
1 5 grams in all, was excreted, about 10 of the 12 grams being 
ilmost immediately taken from the circulation by the tissues There 
tvas no evidence of synthetic processes m the blood, for the amino 
ntrogen freed by hydrolysis, which might be expected to increase if 
ntermediate products of protein synthesis were present, remained 
practically constant 

The total amount of alanine m circulation was calculated on 
the assumption that the volume of the blood in liters is one- 
twentieth of the weight of the body m kilograms While this is, 
if course, only a rough approximation, it suffices for the purpose 
of the experiment 
The details of the analyses follow 


Experiment I Determination of free ammo-acid nitrogen Temperature S6°, 
pressure 76S mm 


SAMPLE 

VOL 

OP 

SAMPLE 

VOL OF BLOOD 
EQUIVALENT TO 
FILTBATE USED 

N GAS 

EVOLVED | 
IN 4 MIN 

N GAS IN 
FOLLOWING 
4 MIN 

N GAS (COBB ) 
FROM 

AMINO-ACIDS 

AMINO-ACID N 
PER 100 CC 
BLOOD 



CC 

CC 

CC 

CC. 

CC 

mgm 


f 87 

28 4 

2 3 

0 2 

2 1 

4 1 

I 

\ 

28 4 

2 4 

0 2 

2 2 

4 3 

II 


100 

31 6 

22 1 

0 9 

21 2 

37 2 


J 

r 76 

24 0 

9 3 

0 4 

8 9 

20 7 

III 


l 

24 0 

9 4 

0 4 

9 0 

20 9 


J 

1 91 

29 2 

6 8 

0 4 

6 4 

12 1 

IV 

1 

1 

29 2 

7 0 

0 4 

6 6 

12 5 


J 

r 75 

24 8 

5 9 

0 4 

5 5 

12 3 

V 

1 

l 

24 8 

5 8 

0 3 

5 5 

12 3 


For the above determinations each filtrate was brought to 25 cc , dupb- 
:ate determinations being made on 10 cc portions of this 

Of the unused parts, 4 cc portions were used for hydrolysis They 
vere mixed with equal volumes of concentrated hjdrochlonc acid and 
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heated at 100 0 for twenty-four hours The acid was evaporated off as 
completely as possible, and the ammonia removed by vacuum distillation 
with calcium hydrate The latter was then dissolved with acetic acid and 
the sample used for amino determination 


Experiment I Determinations of amino nitrogen after hydrolysis Tem - 
per-alure 27°, pressure 7 64 mm 


SAMPLE 1 

1 % OL. OF BLOOD 
EQUIVALENT TO 
SAMPLE USED 

N OAS IN 

3 MIN 

N OAS IN i 
FOLLOWING 
3 MIN 

N OAS FROM 
AMINO- , 
ACIDS 

1 

AMINO N 

I PER 100 CC 

1 BLOOD 

1 ! 

FREE 
AMINO i 

N 

A MI VO N 
FREED BT 
HTDBOLr 
Y8I9 


CC 

CC 

CC 

CC 

| mgm 

mgm 

mgm 

I 

11 4 

1 50 

0 10 

i 1 40 

! 6 3 

4 2 

2 1 

II 

12 6 1 

9 10 ! 

0 20 

8 90 

39 0 

37 2 

1 8 

III 

9 6 

4 50 

0 20 

1 4 30 

j 22 3 

20 8 

! 1 5 

rv 

11 7 

3 05 

0 15 

2 90 

13 7 

12 3 

1 4 

V 

i 

9 9 

2 65 | 

0 15 

2 50 

14 0 

12 3 

1 7 


The urine voided during the hour after the beginning of the injection 
was made up to 100 cc Portions of 2 cc used for Kjeldahl determination 
required 6 40 and G 30 cc of acid, the average indicating 0 445 gram of 
total nitrogen 

Fifty cubic centimeters were used for determination of ammonia and 
free ammo nitrogen, as described by Levene and Van Slyke 7 The am- 
monia neutralized 5 2 cc of HC1, indicating 0 014G gram of ammonia 
N m the entire unne The ammonia-free unne was brought back to 50 cc 
volume and 10 cc portions used for determination of free amino acid 
nitrogen 


I 

N in first 3 minutes 
N in second 3 minutes 

Amino-acid N 


II 

cc « 

45 0 N m first 4 minutes 45 2 

19 N m second 4 minutes 2 2 

43 1 Amino-acid N 43 0 


These determinations were made at 27°, 758 mm The average, 43 05 cc , 
indicates 0 236 gram of free amino-acid nitrogen m the total urine This 
includes all the ammo nitrogen, comparison with the following determina- 
tion showing that no measurable amounts were conjugated 

For determination of the total amino nitrogen 40 cc of urine were use , 
the sample being diluted to 50 cc after removal of urea and ammonia 
Ten cc portions were used for ammo determinations They gave 33 
and 33 4 cc of nitrogen at 25°, 762 mm indicating 0 233 gram of total amino 
nitrogen in the unne 


In order to determine whether the organism had destroyed or 
retained the natural component of the ammo-acid (d-alanine) 

7 This Journal, xn, p 275 
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and excreted the other (Z-alanme), as found by Wohlgemuth 8 to 
be the case when certain dZ-ammo-acids were given per os, 25 cc 
of ammonia-free urine, containing 0 375 gram of alanine, were 
concentrated, and acidified with 0 5 cc of concentrated hydro- 
chloric acid The weight of the solution was 4 273 grams, the 
concentration of alanine hydrochloride 12 3 per cent This, if all 
Z-alanme, should have given a rotation of — 1 2° in a 1 dm tube 
The observed rotation was only — 0 04° The dZ-alamne was, 
therefore, excreted practically unchanged and the alanine retained 
was equal parts dextro and levo 


Experiment II Absorption of alanine from the small intestine 


The animal used was a dog of 10 kilos weight which had fasted 
for twenty-four hours Cannulas were placed m the left femoral 
artery and the mesenteric vein Fifty cc samples of blood were 
drawn from each and diluted to 500 cc with alcohol A loop of 
the small intestine was then ligated at both ends and 15 grams of 
alanine, dissolved m 100 cc of water, injected into it After 
forty minutes, samples of blood were again drawn The loop was 
then washed out, its contents diluted to 500 cc , and 10 cc used 
to determine the unabsorbed alanine nitrogen The determina- 
tion yielded 26 cc of nitrogen at 26°, 760 mm From this 


Total alanine N injected 
Alanine N unabsorbed 
Alanine N absorbed 


ffra m3 

2 461 
0 718 
X 743 


The blood analyses gave the following results The temperature 
was 30°, barometer 758 mm 


SOURCE 

VOL OF BLOOD 
EQUIVALENT TO 
FILTRATE USED 

N OAS EVOLVED 
IN 2 5 MIN 

N OAS IN 
FOLLOWING 
2 5 MIN 

N OAS FROM 
AMINO- 
ACIDS 

AMINO-ACID 

N PER ]00 
CC BLOOD 

Femoral artery be- 

CC 

cc 

CC 

CC 

^ mgm 

fore injection* 
Mesenteric vein be- 

40 

3 7 

0 7 

3 0 

4 0 

fore injection 
Mesenteric vein 

40 

3 7 

0 8 

2 9 

3 9 

after injection 

43 

5 6 

0 6 

5 0 

6 3 


• The determination on the blood from the femoral artery after the injection was lost 

* Ber d deutsch chem Gesellsch , xvcvm, p 2064, 1904 
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The amount of ammo-acid nitrogen in the mesenteric blood 
increased by 60 per cent as the result of the injection of alanine 
into the intestine This, however, demonstrates only the possi- 
bility that amino-acids can pass the intestine The sudden flood- 
ing of the intestine with a solution of one or more ammo-acids 
is so entirely different from the gradual entrance of partially 
digested proteins from the stomach which occurs in normal diges- 
tion, that the results can not be utilised to explain the normal 
process of protein assimilation The same restriction applies 
to the results of Folm and Denis, 9 who flooded the intestines of 
cats with solutions containing unusual amounts of ammo-acids 
and observed a subsequent rise in the fraction of blood nitrogen 
left after subtracting the urea and protein 

THE RISE OF THE AMINO-ACID CONTENT OF THE BIOOD DURING 

DIGESTION 

Experiment III 

We have, therefore, performed the following experiment Sam- 
ples of 50 cc of blood were drawn from the right femoral arteries 
of two dogs, of about 15 kilos weight each, which had fasted for 


Experiment III Effect of digestion on the amino-acid content of the blood 


SOURCE OF BLOOD 

VOL OF BLOOD 
EQUIVALENT TO 
FILTRATE U8ED 

N OAR IN 

3 5 MIN 

N OAS IN 
FOLLOWING 

3 5 MIN 

N OAS FROM 
AMINO- 
ACIDS 

AMINO-ACID N 

PER 100 CC 

BLOOD 

Dog A 

CC 

CC 

cc 

CC 

tngm 

Right femoral artery 
before feeding 

51 0 

4 6 

0 4 

4 2 

3 7 

Mesenteric vein 
after feeding 

38 3 

8 3 

1 5 

6 8 

9 5 

Left femoral artery 
after feeding 

37 7 

7 2 

1 2 

6 0 

8 6 

Dog B 

Right femoral artery 
before feeding 

35 5 

4 0 

0 7 

3 3 

5 2 

Mesenteric vein 
after feeding 

38 5 

94 

2 3 

7 4 

10 2 

Left femoral artery 
after feeding 

37 3 

91 

2 2 

6 9 

9 9 


• This Journal, xi, p 87, 1912 
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twenty-four hours The dogs were in normal condition the next 
day, and each then devoured a kilo of fresh beef Five hours 
after the meal the animals were etherized and samples of blood 
drawn from both the left femoral artery and the mesenteric vein 
The amino-acid content is about doubled during digestion It 
will be noticed that the correction for urea also increases This 
is to be expected from the results of Fohn and Denis, who noted 
a marked rise in the urea content of the blood during digestion 
of protein 


SUMMARY OF RESULTS 

The gasometnc method for direct determination of ammo-acid 
nitrogen is easily applicable to blood from which the proteins 
have been precipitated by alcohol Duplicate results usually 
agree within 0 2 mgm of amino-acid nitrogen per 100 cc of blood 
The blood of the dog normally contains amino-acid nitrogen 
The amount, m animals which have been fasting for twenty to 
twenty-four hours, is 3 to 5 mgms per 100 cc of blood 

Twelve grams of alanine, injected during 13 minutes into 
the vein of a dog, were so rapidly removed from the blood stream 
that five minutes after the injection only 1 5 grams were left m 
the blood, and after 35 minutes but 0 4 gram Only 1 5 gTams 
were excreted m the urine, the greater part of the injected ammo- 
acid being evidently taken up by some of the tissues 
Absorption of 10 grams of alanme from the small intestine in- 
creased the amino-acid nitrogen of the mesenteric blood from 3 9 
to 6 3 mgm per 100 cc 

During normal digestion of meat the ammo-acid content of 
the blood undergoes a marked increase compared with its value 
before feeding It was doubled in the case of one dog and some- 
what more than doubled m that of another The increase affected 
the blood from the femoral artery almost as much as that directly 
from the mesenteric vein 


CONCLUSIONS 

With the finding of ammo-acid nitrogen in the normal blood 
the hypothesis, that the ammo-acids formed in digestion are 
synthesized into blood protein while passing the intestinal vail, 
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becomes superfluous The increase in ammo-acid nitrogen of 
the blood, noted during digestion of protein, is, furthermore, 
positive evidence that amino-acids as such do normally pass the 
intestinal wall and enter directly into the blood current The 
fact that the ammo-acid content decreases but little during pas- 
sage of the blood from the mesentenc vein out to the femoral 
artery indicates that the ammo-acids are not held back or destroyed 
by the liver before reaching the other tissues On the contrary, 
it seems that the amino-acids absorbed from the intestine circu- 
late through the entire organism and are offered directly to the 
body cells in general The fact that the amount of ammo-acids 
normally present m the circulation is small, is accounted for by the 
rapidity with which the tissues take up ammo-acids from the 
blood as soon as they become unusually abundant therein This 
is illustrated by the disappearance of intravenously injected alanine 
from the blood stream 

The experiments here reported are preliminary to a more com- 
plete investigation of the problem of protein assimilation and of 
the effect of different physiological and pathological conditions 
upon the ammo-acids of the blood 



ON THE STRUCTURE OF THYMUS NUCLEIC ACID 

BrP A LEVENE and W A JACOBS 
( From the Rockefeller Institute for Medical Research , New York ) 
(Received for publication, July 19, 1912 ) 

Following the successful characterization of the mosmic and 
guanyhc acids as phosphoric acid esters of purine ribosides, i e , 
simple nucleotides, and of the yeast nucleic acid as a complex of 
four such nucleotides, we at once attempted the same with the 
thymus nucleic acid Evidence had already been obtained by 
Levene and Mandel 1 of the probable existence of a thymine nucleo- 
tide m this acid but owing to the meagre means at hand at that 
time for studying the product obtained the result required con- 
firmation From the very start our progress was greatly retarded 
by the marked differences shown by this acid towards the chemical 
treatment to which the nbose nucleotides had so readily yielded 
The nucleic acid, when heated with ammoma in a sealed tube 
under the conditions for the preparation of the yeast nucleosides, 
remained apparently unchanged When the temperature was raised 
to a pomt at which phosphoric acid was cleaved, free purines were 
also obtained Likewise, when subjected to “neutral hydroly- 
sis” the cleavage of phosphoric acid was always accompanied by 
the' appearance of free purines and even pyrimidines From the 
mixture no nucleosides could be isolated This was finally accom- 
plished by other methods which will be described elsewhere We 
have been led to conclude that the instability of the sugar is the 
cause of the failure of chemical methods Whereas the nbose 
nucleotides on hydrolysis with acids yield strongly reduemg mix- 
tures, the thymus nucleic acid shows but the weakest reduction 
of Fehlmg’s solution after hydrolysis That portion of the sugar 
which has been cleaved from combination is converted at once 
into levuhmc acid This was accomplished by boiling onlj tv o 

1 Ber d deutsch chem Gesellsch , xh, p 1905, 190S 
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hours with 2 per cent sulphuric acid Levene 2 has already pointed 
out that the glucosidic linking in this acid is much weaker than 
that in the yeast nucleic acid, as shown by the ready cleavage of 
all purines in the former by boiling m dilute acetic acid 

/°\ 

H /H H\ 

H 2 C — C — C — C — C — C — Guanine 
j O H O O H 

OH H H 


H °-p° /0 H 

I P = 0 

° ° X ° H / 0 \ 

/H H\ 

ILC-C - C- C-C-C 
H H O H 
H 


H 

H H O H 

HjC— C - C-C-C-C 

I I \H H/ 

0 ?/ 0H Xo/ 

P=0 

HO - P = O ' NoH 


— Thymine 


— Cytosine 


OH H H 
| O H 0 O H 

HjC — C - C- C- C- C - Adenine 



On the other hand the union of the phosphoric acid m the 
thymus nucleic acid resembles m stability that of the mosinic 
acid Whereas by heating with dilute ammonia the phosphoric 
acid is most readily removed from the yeast and guanyhc acids, 
under the same conditions both the mosinic and thymus nucleic 


1 Biochem Zeitschr , x, p 215 1908 
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acids remain unchanged The mosmic acid is decomposed only 
by neutral hydrolysis, a condition under which unfortunately 
the glucosides of the thymus are destroyed This stability, to- 
gether with the stability of the pyrimidine glucosides which is 
analogous m every respect to the conditions found m the yeast 
nucleic acid, has enabled us to obtam by partial hydrolysis with 
dilute acid intermediary products from which we have been able 
to construct a formula representing in all probabihty the struc- 
ture of the acid 

It has been assumed by many that the nucleus of the nucleic 
acid is a polyphosphonc acid m which the phosphoric acid mole- 
cules are linked together in an anhydride form As is well known, 
the acid itself is stable towards alkali, a property not possessed by 
anhydrides, so that a prion such a structure is unlikely As a 
matter of fact, the products formed upon hydrolysis of the acid 
are incompatible with such a mode of linking As developed by 
the present investigation, the nucleic acid is represented by the 
formula on preceding page 

The two pyrimidine nucleotides are joined together presumably 
by an ether linking between the sugars Each sugar of the thy- 
mine and cytosine nucleosides is conjugated with a secondary 
phosphoric acid and then again with a tertiary phosphoric acid 
which m turn forms a bridge between the pyrimidine and the 


HC — Thymine 

HC — Cytosine 

l\ 

HOCH\ 

l\ 

HOCH\ 

1 0 

1 0 

HOCH / 

1/ 

HOCH/ 

1/ 

HC 

HC 

/° 

1 

HC-O-P— OH 

HC-O-P— OH 

\)H 

\)H 

/° 

/° 

H S C — 0 — P — OH 

HjC — 0 — P — OH 

^OH 

^OH 


Hexo-thymidine diphosphoric acid Hexo-cy tidine diphosphonc acid 
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purine nucleosides This view is based upon the following facts 
Upon hydrolysis of the nucleic acid with 2 per cent sulphuric 
acid for two hours the purines are completely removed and the 
sugar originally m umon with them is almost completely con- 
verted into levulmic acid This was readily obtained by extrac- 
tion with ether and identified by the hydrazid and silver salt 
The resulting mixture, as described below, was fractionated with 
phosphotungstic acid From the portion not precipitated by this 
reagent the crystalline brucine salts and barium salts of a hexo- 
cytidme diphosphoric acid and a hexo-thymidme diphosphonc 
acid were obtained of the structure given on preceding page 

Though not yet proven, we consider this position of the phos- 
phoric acids on the sugars probable, because of the great stability 
shown by them, a condition analogous to that found in mosimc 
acid 

From the phosphotungstic fraction we have succeeded in iso- 
lating a dinucleotide of the following structure 


Thymine 



Cytosine 


HCOH 



HCH 

\ 


O 


\ 


I \ 


OH 


OH 


HCH 

/ 


O 




HO 




OH 


In all these formulae no significance is to be attached to the 
configuration of the sugar since its nature has not yet been deter- 
mined 

The crystalline brucine salt and barium salt of this substance 
were also prepared and from the barium content shown by the 
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analysis we must conclude that each phosphoric acid contams 
a secondary and a tertiary hydroxyl and the linking between the 
two nucleotides occurs between the sugars as shown above By 
fractionation with mercury a mixture of the barium salts of the 
simple thymme and cytosine nucleotides was obtained The ex- 
perimental part regarding both the dmucleotide and the simple 
nucleotides will be described m a subsequent communication 

EXPERIMENTAL PART 

Hydrolysis of the nucleic and 

Two hundred grams of nucleic acid (from fish sperm) were 
heated on the water bath in 3 liters of 2 per cent sulphuric 
acid until solution was complete and then boiled for two hours 
under a reflux condenser After coolmg silver oxide was added 
as long as a precipitate of purme silver separated and the mixture 
was allowed to stand over night The filtrate from the purme 
precipitate was then treated further with silver oxide until a drop 
of the solution added to dilute sodium hydrate gave a precipitate 
of silver oxide To this solution a warm saturated solution of 
barium hydrate was added until just alkaline to litmus The 
precipitate which contamed the silver and barium compounds of 
the nucleotides, phosphoric acid and free pyrimidines, was rapidly 
filtered by suction and washed well with water The filtrate 
after removal of silver with hydrogen sulphide gave a considerable 
test with orcm and copper, and slightly reduced Fehling’s solu- 
tion After removal of barium from this with sulphuric acid and 
concentration to a small bulk we were able to precipitate with 
basic lead acetate and barium hydrate a small amount of material 
from which a barium salt was prepared This salt reduced Feh- 
hng's solution and contamed conjugated phosphoric acid The 
salt so obtained is presumably the barium salt of the hexose phos- 
phoric acid contamed m the nucleic acid The quantity of sub- 
stance which was still quite impure was too small to punfy further 

The above silver barium precipitate was decomposed by sus- 
pending m a shght excess of dilute sulphuric acid and passing 
hydrogen sulphide through the mixture After complete deco 
position the filtrate was freed from hydrogen sulphide and 
cipitated by mercuric sulphate solution The heavy 
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of the mercury salt of the mixed nucleotides was filtered and well 
washed In the filtrate are contained besides free phosphoric 
acid the simple nucleotides which were isolated by a method to 
be described later The above mercury precipitate was suspended 
in water and completely decomposed by hydrogen sulphide The 
mixture was neutralized with pure barium carbonate and then 
acidified with acetic acid to keep m solution some of the nucleo- 
tides The filtrate, after concentration to a small volume, was 
precipitated by several volumes of alcohol The heavy precipi- 
tate of barium salts was filtered, washed with 70 per cent alcohol, 
then with absolute alcohol and ether and then dried The yield 
varied from 50 to 75 grams The mixture so obtained was dis- 
solved m about 5-10 parts water and the barium removed with 
a slight excess of sulphuric acid To the filtrate 50 per cent 
sulphuric acid was added until the solution contained 10 per cent 
acid To this concentrated phosphotungstic acid was added until 
precipitation was complete The phosphotungstate fell as a heavy 
gummy mass to the bottom and after standing a while at 20° the 
clear supernatant liquor was poured off The phosphotungstate 
was again dissolved m several volumes of hot water and again 
precipitated by addition of sulphuric acid to 10 per cent The 
phosphotungstate contained the dmucleotide fraction The two 
mother liquors were joined and the phosphotungstic acid shaken 
out with amyl alcohol The solution was then treated with barium 
hydrate solution until just alkaline to plienolphthalein, again 
acidified with acetic acid, filtered and concentrated to several 
hundred cubic centimeters For further purification the nucleo- 
tides were precipitated again with mercuric sulphate and the 
mercuric precipitate decomposed with hydrogen sulphide From 
the filtrate, after removal of the hydrogen sulphide, a trace of 
sulphuric acid was removed quantitatively with barium hydrate 
The acidity of the solution was then determined by titration and 
an equivalent amount of commercial brucine dissolved in alcohol 
was added to the mixture Though crystallization may begin 
at once, the whole mixture was concentrated vn vacuo to dryness 
and the residue dissolved m a sufficient quantity of hot 85 per 
cent alcohol On cooling the mixture crystallized to a solid mass 
After standing twenty-four hours it was broken up with a glass 
lod, filtered and washed with 75 per cent alcohol The brucine 
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salt so obtained is the salt of the hexo-thymidme diphosphonc 
acid After several recrystallizations from hot 85 per cent alcohol 
it is pure 


Hexo-thymidvne diphosphonc acid 

As so prepared the neutral or tetrabasic salt crystallizes m 
variegated aggregates of long microscopic plates When rapidly 
heated in a capillary tube it sinters at about 172° The acid 
salts crystallize in globular aggregates of microscopic needles of 
higher melting pomt The neutral salt is practically insoluble 
m cold water, absolute alcohol, acetone, chloroform and the other 
neutral organic solvents In hot dilute alcohol and hot dilute 
acetone it is fairly easity soluble 

For analysis it was dried in vacuum over phosphorus pentoxide 
at 110° 

0 3358 gram substance gave 0 0375 gram Mg 2 P O 7 

Calculated fox 

CjxHjiNjOjjPi 4CaH«NjO< Found 
P 3 06 3 11 

For conversion into the barium salt the brucine salt was sus- 
pended m water in a separatory funnel, an excess of ammonia 
added and shaken out several times with chloroform The aque- 
ous solution of the ammonium salt was placed m a distilling flask, 
a few drops of phenolphthalein added, and distilled in vacuo, the 
receiving flask containing dilute sulphuric acid During the dis- 
tillation a saturated solution of pure baicm hydrate was added 
drop by drop until the solution remained on contmued distillation 
just alkaline to the phenolphthalein After the removal of the 
ammonia by this process the barium salt, which had already partly 
separated upon the first addition of barium hydrate, was brought 
just into solution by the addition of a few drops of acetic acid, 
an excess being avoided The solution was then brought to a 
boil The barium salt which is more insoluble m hot than in 
cold water separated as a white powder, which under the micro- 
scope appeared as globules in which crystal formation uas hard 
to discern The salt was filtered hot, washed vith hot water, 
then with alcohol and ether and dried So prepared the salt is 
pure for analysis For the analysis it was dried in vacuo over 
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phosphorus pentoxide at 110° Many samples obtained m dif- 


ferent experiments were analyzed 


0 1879 gram substance gave 0 1248 gram C0 2 , 0 0360 gram H s O 

0 1579 gram substance gave 0 0514 gram MgrP^O? 


0 1512 gram substance gave 0 0990 

gram BaSOi 


0 1397 gram substance gave 0 00574 gram N (Kjeldahl) 


0 2425 gram substance gave 0 0101 

gram N (Kjeldahl) 



Calculated for 
CuHuOuNjPiBai 

Found 

C 

18 44 

18 12 

H 

1 96 

2 13 



l ii 

N 

3 91 

4 11 4 18 

P 

8 66 

9 06 

Ba 

38 30 

38 54 


For the optical determination 0 346 gram substance was dissolved m 5 
cc of j HC1 Total weight of solution, 5 533 grams In 2 dm tube at 
30° with D-light it rotated 0 84° to the nght Calculating the specific rota 
tion of the free acid without regard to the specific gravity, 

r ->30 

H d - + 10 86° 

When the strong acetic acid solution of this salt is concentrated 
slowly on the water bath it gradually separates as a white crust 
which under the microscope is seen to consist of aggregates of 
colorless needles When exposed, the tertiary salt absorbs carbon 
dioxide from the air 

The free acid was not prepared crystalline The aqueous solu- 
tion of the free acid is precipitated by mercury salts, except the 
chloride, by ammonium molybdate and lead acetate as well as 
by other heavy metals Phosphotungstic acid precipitates it as 
an oil in concentrated solutions when sulphuric acid is added to 
20-25 per cent This precipitate is soluble m water and pre- 
cipitated by the addition of strong sulphuric acid In following 
the method given above for the removal of the phosphotungstate 
fraction containing the dmucleotide, the sulphuric acid content 
of the mixture must not exceed 10 per cent to avoid precipitation 
of this thymine complex as well as the cytosine complex descnbe 

below , 

Upon hydrolysis of this acid with 10 per cent sulphuric aci 
m a sealed tube at 125° for three hours the phosphorus is com- 
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pletely broken off From the mixture thymine was obtained m 
typical form and also levulmic acid 

With orcin and a drop of copper chloride solution the character- 
istic test for hexoses is obtained, but the green color is of con- 
siderably less intensity than that obtained with a hexose or with 
the original nucleic acid This is m harmony with the experience 
obtained with the pyrimidine ribosides obtamed from the yeast 
nucleic acid As seen in the method of preparation the union of 
the pyrimidine with the sugar is comparatively stable, and no 
reducing substances are obtained upon hydrolysis Also bromine 
water added to the complex is instantly decolorized and the result- 
ing solution reduces Fehling’s solution Under certain conditions 
hydrogen with colloidal palladium was found to reduce the com- 
pound The resulting solution gave a very strong orcm test and 
upon hydrolysis yielded a strongly reducing solution containing 
a phospho-sugar and a dehydro-thymine From these facts which 
agree with the experience obtamed by Levene and Laforge 3 with 
cytidme and undine from the yeast nucleic acid we conclude that 
the union between pyrimidine and sugar is of the game nature m 
the two nucleic acids, z e , a simple glucosidic union 

Hexo-cytidme diphosphoric and 

The mother liquors obtamed from the above brucine salt when 
concentrated to small volume yield, on standing, more of the salt 
of the thymine complex When this is filtered and the mother 
liquors further concentrated and treated with absolute alcohol 
to permanent turbidity, on standing several days, the neutral 
brucine salt of the analogous cytosine complex separates in long 
plates with pointed ends which can be easily seen by the naked 
eye After filtration the salt is dissolved m hot 95 per cent alcohol 
On standing it separates as large prisms After twenty-four hours 
the crystallization is complete This salt is more beautiful than 
the thy min e salt It is likewise much more soluble m warm alco- 
hol, even m hot absolute alcohol m which the thymine complex 
is very little soluble 

For the analysis it was again recrystallized and dried in vacuo 
over phosphorus pentoxide at 110° 

» Bcr d deuisch chem Gesellsch , xlv, pp 60S 20 
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0 2839 gram substance gave 0 0363 gram Mg 2 P 2 C >7 
0 4878 gram substance gave 33 2 cc N (29°, 767 mm ) 

Calculated for 

CioHnNiOuPi 4 CoH«N* 04 Found 

P 3 09 3 56 

N 7 66 7 46 

For the preparation of the banum salt the method described 
above for the thymine complex was used It is also more insoluble 
in hot water than m cold water and advantage was taken of this 
fact for the preparation of the pure neutral salt For analysis 
it was dried in vacuo over phosphorus pentoxide at 110° 

0 1922 gram substance gave 0 1203 gram C0 2 , 0 0430 gram H 2 0 
0 1484 gram substance gave 0 0085 gram N (Kjeldahl) 

0 1877 gram substance gave 0 0107 gram N (Kjeldahl) 

0 3681 gram substance gave 5 25 cc amino N (22 5°, 752 mm ) 

0 1730 gram substance gave 0 1162 gram BaSCh 
0 1507 gram substance gave 0 0493 gram Mg 2 P 2 (>7 


c 

Calculated for 
CioHuNiOnPaBsi 
17 08 

Found 

17 06 

H 

1 85 

2 49 

N 

5 96 

5 71 

Ammo N 

1 99 

1 59 

P 

8 82 

9 11 

Ba 

39 00 

39 55 


The salt was obtained only as an amorphous powder For the optical 
determination 0 3793 gram dried substance was dissolved in 4 cc n hydro- 
chloric acid solution Total weight of solution, 4 427 grams In a 2 dm 
tube with D-light it rotated at 25°, 3 29° to the right Calculating for the 
free acid and without regard for the specific gravity, 

r t25 

[al = + 31 45° 

The free acid resembled closely m its behavior that of the thymine 
complex toward precipitants and reagents It is likewise not 
more easily precipitated by phosphotungstic acid The difference 
m solubility of the brucine salts is the only method of which we 
now know which will accomplish a separation of the two acids 
From this acid levuhnic acid and cytosine were obtained The 
latter was analyzed as the picrate 


0 1403 gram substance gave 30 9 cc N (27°, 764 mm ) 


N 


Calculated for 
C.HiNiO C«Hi(NOi)iOH 

24 62 


Found 

24 32 



ON GUANYLIC ACID 


SECOND FArER ’ 

By P a LEVENE and W A JACOBS 
( From the Rockefeller Institute for Medical Research, New York ) 

(Received for publication, July 19, 1912 ) 

Guanylic acid undoubtedly belongs to the group of simpler 
substances of that class Its molecule contains only one base, 
guamne, and one carbohydrate, d-ribose These two substances 
are combmed through a glycosidic linking as guanosme There 
is, however, still a lack of agreement m the minds of individual 
investigators as to the degree of its simplicity The latest publi- 
cation on the subject is that by Bang 1 2 in 1910 In this article 
the author attacks with great ardor and considerable bitterness 
the view of those workers who regard guanylic acid as a simple 
nucleotide According to Bang, guanylic acid m its structure is 
analogous to thymus nucleic and not to mosinic acid The very 
lengthy argument of the author is based on the results of the 
ultimate analysis of various amorphous salts of guanyho acid and 
on the property of the salts to gelatinize However, guanosme — 
a simple guamne-pentoside — shares with guanylic acid theproperty 
of gelatinizing when it contains only a slight proportion of mineral 
impurity Also the argument of the elementary analysis is not 
very convincing for the reason that m the publication of Bang no 
evidence was offered to prove the purity of the analyzed acids 
It is true that the opposing investigators have not yet succeeded 
m presenting analytical data of such a nature as to render their 
contentions absolutely convincing 

Several years ago the method of preparation of the acid was 
considerably simplified by us and we had hoped to be in a position 

1 Ber d deutsch chem Oesellsch , xlu, p 2469, 1909 

3 Biochem Zeitschr , xxvi, p 293, 1910 
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to obtain the substance m that degree of purity which would 
permit us to clear up the disputed points in the structure of the 
substance Pressure of other work caused the delay of the under- 
taking and only very recently have we been m a position to again 
direct our efforts to the work on guanylic acid 

It is now possible to obtain the substance m the form of a 
pure crystalline brucme salt The process that led to the prepa- 
ration of this salt was complex The acid was originally obtained 
directly from pancreas glands as an impure lead salt This was 
transformed into an acid sodium salt The latter salt was further 
purified as a mercury salt The advantage of the last purification 
lay m the fact that a solution of mercuric sulphate forms a mer- 
curic salt of guanylic acid insoluble m dilute acids Thus a means 
is given by which all other bases may be removed from the mercu- 
ric salt A solution of the free acid can be easily obtained from 
the mercuric salt In that condition guanylic acid showed no 
tendency to gelatinize The acid in this solution was easily 
transformed mto the crystalline brucme salt and was analyzed as 
such The brucme salt was then transformed mto the neutral 
barium salt and this again analyzed The analysis of the two 
last named salts permitted us to formulate the composition of 
guanylic acid as CioHuN&OgP or as a mononucleotide As a 
polynucleotide is formed through the process of anhydride forma- 
tion, the polynucleotide hypothesis of the structure of guanylic 
acid requires values of carbon, nitrogen and phosphorus higher 
than those actually found 

On the basis of this the following constitution may be ascribed 
to guanylic acid 


yOS 
P— OH 

I \> 

HO 
H 0 | 

H0H 5 C-C-C-C-C-C 6 H4N(0 
V H H H 

/ 

O 


The substance is optically active, showing [«] D - 
hydrochlonc acid solution 


_ i 27° m 
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There is some basis for the assumption that the structure of 
guanyhc acid is not identical with that of mosimc acid There 
apparently exists a digerence in the union between phosphoric 
acid and the carbohydrate in these acids analogous to the differ- 
ence m the union between phosphoric acid and the nucleosides 
of the two more complex acids, namely, that of the thymus and 
of the yeast nucleic acid Both guanyhc and yeast nucleic acid 
permit the detaching of phosphoric acid quite readily, whereas 
in the mosimc and in the thymus nucleic acid the same reaction 
is accomplished with great difficulty This difference is probably 
due to a difference m the position of the phosphoric acid on the 
sugar When hydrolyzed under the same conditions employed 
for the preparation of nbose phosphoric acid from mosimc acid, 
the phosphoric acid was completely cleaved from guanyhc acid 
We have, therefore, as yet been unable to obtain definite evidence 
regarding the position of the phosphoric acid on the sugar 

Preparation of the crude guanyhc acid 

The glands were trimmed and passed through a hashing machine 
They were suspended m water, which was brought to a boil and 
to the mixture was added potassium acetate m substance enough 
to make the concentration 5 per cent 

When the mixture cooled down to about 65° enough sodium 
hydrate was added to make its concentration 5 per cent This 
mixture was allowed to stand over night, when it was neutralized 
by means of picric and acetic acids as long as a precipitate formed 
The precipitate was then removed by filtration and to the filtrate 
a 25 per cent solution of neutral lead acetate was added The 
mixture was brought to a boil and filtered To the filtrate more 
lead acetate and ammonia were added as long as a precipitate 
formed This precipitate contained guanyhc acid and guanosme 
To obtam the guanyhc acid the substance was suspended m hot 
water and transferred to flasks immersed m a hot water bath 
A stream of hydrogen sulphide was passed through the mixture 
The lead sulphide was ultimately removed by filtration and the 
filtrate concentrated to small volume It uas then rendered 
alkaline by means of ammonia and piecipitated with a large excess 
of 95 per cent alcohol This was done in order to remove the 
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guanosme which remained m the solution, the mixed ammonium 
and sodium salts of guanylic acid remaining m the precipitate 
The precipitate was then dissolved m hot water and placed m 
the refrigerator where the acid salt of guanylic acid settled out as 
a gelatinous mass which was filterable without much difficulty 
In the early part of the work attempts v, ere made to obtam 
crystalline sodium salts of this substance The experiments were 
in a way successful but were later abandoned when a more con- 
venient method for purification of the crude guanylic acid was 
devised 


Purification of the crude guanylic acid 

The crude guanylic acid was suspended m water and sulphuric 
acid added until solution was complete A solution of mercuric 
sulphate was then added as long as a precipitate formed This 
was filtered and washed well with hot water The precipitate 
was well suspended in ivater and completely decomposed by hydro- 
gen sulphide The mercuric sulphide was filtered off and a slight 
trace of free sulphuric acid in the filtrate removed quantitatively 
with barium hydrate The solution so prepared, containing the 
practically pure acid, contrary to that of the crude material, does 
not gelatinize The addition of small quantities of alkali causes 
gelatmization For isolation the acid was first converted into 
the brucine salt 


Brucine salt of guanylic acid 

For this purpose the acidity of the solution was determined by 
titration and an equivalent amount of commercial brucine dis- 
solved m a little alcohol was added Crystallization began at 
once Under the microscope the salt appeared as rosettes of thin 
colorless rectangular plates On longer standing in the ice box 
more of the salt crystallized m long thin plates which were visible 
to the naked eye The salt was filtered and dried 

It is very difficultly soluble m cold water, alcohol and ot e r 
neutral organic solvents It is more soluble m hot water and o 
dilute alcohol Thirty per cent alcohol is best for recry stalhzation 
It crystallizes completely from this only on long standing 0 
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prepared it is pure for analysis For analysis it was dried in 
vacuum over phosphorus pentoxide at 110° 

0 2852 gram substance gave 29 6 cc N at 31°, 756 Trim 
0 3102 gram substance gave 0 0296 gram Mg s P s 0j 

Calculated for 

CioHuNsOaP 2 OjHmNi0i Found 

10 94 11 00 

2 69 2 65 

Barium salt of guanyhc acid 

For further characterization the barium salt was prepared 
For this purpose the ammonium chloroform method described m 
the article on the thymus nucleic acid was employed The aque- 
ous solution of the ammonium salt was then converted by dis- 
tillation with barium hydrate into the barium salt The barium 
salt remamed as a difficultly soluble residue When the barium 
was over added a basic salt was formed which analysis showed to 
have approximately two molecules of barium 

The second barium is probably contained m the guanine nucleus 
smee this is known to form a barium salt This basic salt is more 
soluble m water than the neutral salt and reacts strongly alkaline 
The difficulty of obtaining this pure caused us to prepare the 
neutral salt For this purpose the above mixture was freed quanti- 
tatively from barium with sulphuric acid and the clear filtrate 
obtained treated with pure barium hydrate solution until just 
neutral to phenolphthalem The neutral barium salt settled at 
once as a difficultly soluble white amorphous powder It was 
filtered, washed rapidly with vater, then successively with alcohol 
and ether and dried 

For the analysis it was dried in vacuo over phosphorus pent- 
oxide at 110° 

0 2218 gram substance gave 0 1944 gram C0 2 , 0 0559 gram H 3 0 
0 2286 gr am substance gave 0 0321 gram N (Kjeldahl) 

0 2367 gram substance gave 0 0333 gram N (Kjeldahl) 

0 2257 gram substance gave 0 0492 gram MgiPtO, 

0 2119 gram substance gave 0 0935 gram ash (Ba : P O;) 


N 

P 
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C 

H 

N 

P 

BaiP iOj 


Calculated for 

C 10H1 NiOaPBa Found 

24 10 23 91 

2 41 2 80 

1 11 

14 06 14 06 14 to 

6 22 6 07 

44 98 44 12 


When exposed to the air it absorbs carbon dioxide 
For the optical determination of the pure guanylic acid the barium salt 
was dissolved in acid 0 3075 gram dry substance was dissolved in 4 cc 
of n HC1 Total weight of the solution, 4 347 grams In a 2 dm tube with 
D-hght at 25° it rotated 0 13° to the left Calculating for the free acid and 
without regard for the specific gravitj, 

wr = - 1 270 


1 



ON THE PREPARATION OF GLUCOSWES 


B\ XV A JACOBS 

( Ftom the Rockefcllei Institute Jot Medical Research, New Yoil ) 

(Received for publication, Julj 19, 1912 ) 

For the preparation of the glucosides of sugars tuo general 
methods have been devised by Fischer 1 In one, the alcoholic 
solution or suspension of the sugar is saturated with hydrochloric 
acid From the resulting mixture the hydrochloric acid is neutral- 
ized with barium carbonate and removed as barium chloride 
But the great expenditure of time and labor required by the 
repeated concentrations and extractions with alcohol led Fischer 
to devise a second method 2 In this the sugar and alcohol are 
heated with a small amount of dry hydrochloric acid for thirty to 
fifty hours and the small amount of hydrochloric acid removed by 
silver oxide In this method the reaction is not complete and 
moreover requires several days 

In the work which required the preparation of large quantities 
of these compounds, we were led to a simple modification of 
Fischer’s first method which enabled us to prepare the glucosides 
within a day and m good yield This device was used m one 
instance by Fischer himself, 3 but was not recommended as a 
general method As it may be found of service to other \\ orkers 
the method is described here in detail 
The solution or suspension of one part of the powdered sugar 
m ten parts of the dry alcohol is saturated with hydrochloric 
acid with cooling as in Fischer’s first method After 
one hour all reducing power disappears The « 
concentrated to one-fourth its volume in vacuo at 20° 

1 Ber d deutsch chem Gesellsch , nvi, p 2400 
8 Ibid , xxvm, p 1145 

1 Ibid , \xvii, p 2484 

4*7 
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poured into ordinary alcohol containing a few cubic centimeters, 
of acetic acid The excess of hydrochloric acid is removed by 
adding a fine suspension of pure lead carbonate m a little water 
until the mixture no longer reacts acid to congo paper The 
filtrate, after treatment with hydrogen sulphide, is then concen- 
trated in vacuo and the glucosides isolated as usual 



A NOTE ON THE REMOVAL OF PHOSPHOTUNGSTIC 
ACID FROM AQUEOUS SOLUTIONS 

By W A JACOBS 

(From the Rockefeller Institute for Medical Research, New York ) 
(Received for publication, July 19, 1912 ) 

For the removal of the excess of phosphotungstic acid from the 
mother liquor, after the precipitation of phosphotungstates from 
aqueous solutions, the usual procedure is precipitation with barium 
hydrate The precipitate formed is generally very voluminous 
and where the mother liquor contains valuable material the loss 
through adsorption is apt to be great Wmterstem has already 
pointed out that this difficulty may be overcome by shaking out 
the solution with ether In this method a mechamcal difficulty 
enters since the solution separates into three layers, the lowest 
being an oily layer of ether dissolved m phosphotungstic acid, a 
middle aqueous layer and a top ethereal layer The lowest layer 
disappears after several shakings but the operation must still be 
repeated many times and complete removal of the phosphotungstic 
acid is not assured In amyl alcohol was found a means of quickly 
attaining this end The partition coefficient of phosphotungstic 
acid between water and amyl alcohol is enormously m favor of 
the latter so that if sufficient amyl alcohol is employed after allow- 
ing time for complete separation of the layers practically all the 
phosphotungstic acid is removed bv one shaking If the alcohol 
is added m small portions the amyl alcohol phosphotungstic 
mixture settles as an oil When this is repeated wuth fresh amj 1 
alcohol once or twice, dependmg upon the amount of phospho- 
tungstic acid present, the amyl alcohol finally floats on the top 
The phosphotungstic acid is then completely removed from the 
aqueous solution 

When this method is to be employed one must be assured that 
the substances sought in the aqueous solution are not soluble in 
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amyl alcohol If this is the case, the addition of ether to the 
amyl alcohol, even to 80 per cent, may reduce thissolubihty without 
impairing the usefulness of the alcohol as an extracting agent 
for phosphotungstic acid In some cases where phosphotungstates 
themselves are soluble m hot or cold water we have been able to 
decompose them by this means with a great saving of time, labor 
and material 



PROTEIN METABOLISM IN EXPERIMENTAL DIABETES 

BrA I RINGER 

{From, the Department of Physiological Chemistry of the University of 
Pennsylvania ) 

(Received for publication, July 27, 1912 ) 

I 

One of the most striking phenomena m experimental diabetes 
is the very marked rise m the protem catabolism Minkowski, 1 
Hedon 2 and Falta 3 called attention to it m cases of depancreatized 
animals Lusk 4 and his pupils showed it to exist m phlorhizm 
glycosuria The increase m the protein catabolism above the star- 
vation requirements has been found by Lusk to be from 400 to 560 
per cent m dogs and 238 per cent m a goat 

In pancreatic diabetes as well as m phlorhizm glycosuria, the 
amount of glucose m the urine bears a fairly constant relationship 
to the nitrogen Depancreatized dogs yield approximately 2 8 
grams of glucose to every gram of nitrogen Phlorhizimzed her- 
bivorous animals eliminate glucose and nitrogen m approximately 
the same ratio Dogs, however, present a much higher ratio, 3 6 
to 1 

From experiments by Lusk, 5 Arteaga, 6 Cremer 7 and others, we 
note that in herbivorous ammals, during phlorhizm diabetes, the 
protein metabolism does not rise as much above the starvation 
requirements as it does m the dog, which yields a higher D N ratio 

1 Minkowski Arch f exp Pathol u Pkarm , \\\i, p 149, 1893 

1 Hedon Arch d Physiol , 5th senes, iv, p 258, 1892 

3 Falta, Grote und Stahelin Beitr z chem Physiol u Path , \, p 199, 
1907 

‘Giaham Lusk Zeitschr f Biol , \x\vi, p 82, 189S, Reilj, Nolan and 
Lusk Amer Journ of Physiol , i, p 397, 189S 

5 Lusk loc cit 

6 Arteaga Amer Journ of Physiol vi, p 173 1901 

7 Cremer Munch med Wochcnschr , \I, p 274 1S93 
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In the experiments reported below an attempt was made to find 
the factors that govern the protein metabolism m phlorhmn 
glycosuria 

TABLE i 


Twenty-four-hour periods 


PERIOD 

WEIGHT 

TOTAL 

NITROGEN 

NITROGEN 
PER HOUR 

TOTAL 

GLUCOSE 

GLUCOSE 
PER HOUR 

D N 

REMARKS 

I 

11 92 

2 66 

0 111 

! 



Fasting 

II 

11 28 

6 63 

0 276 

34 61 

1 44 

5 22 

Phlorhizm 

III 

10 70 

8 12 

0 340 

34 64 

1 44 

4 27 

Phlorhizm 

IV 

10 40 

9 68 

0 403 

34 94 

1 46 

3 60 

Phlorhizm 

V 

10 00 

8 47 

0 353 

31 68 

1 32 

3 74 

Phlorhizm 

VI 

9 75 

9 64 

0 402 

31 44 

1 31 

3 26 

Phlorhizm 

VII 

9 40 

7 46 

0 311 

25 92 

1 08 

3 47 

Phlorhizm 


The results in table I represent the course of a typical phlor- 
hizin experiment It is one record of a .great, many The animal 
was allowed to fast for three days pnor to the administration of the 
phlorhizm Penod I is the third fastmg day Beginning with the 
morning of the second penod, phlorhizm in two-gram doses, dis- 
solved m 25 cc of warm 1 5 per cent Na 2 C0 3 solution was adminis- 
tered subcutaneously three times per day The animal fasted 
throughout the course of the entire expenment 

Dunng the first penod the animal eliminated 2 66 grams of 
nitrogen From experiments on starving normal animals we know 
that the elimination of a similar amount of nitrogen per day w'ould 
have kept up had no phlorhizm been given The administration 
of phlorhizm resulted m the immediate appearance of glycosuria 
and m a concomitant rise m the protein metabolism This took 


TABLE U 

Experiment by Lusk Amer Journ of Physiol , i, p 397 


PEIUOD 

■WEIGHT 

TOTAL 

NITROGEN 

NITROGEN 
PER HbUR 

TOTAL 

GLUCOSE 

GLUCOSE 
PER HOUR 

D N 

REMARKS 

I 

21 4 

4 04 

0 16S 




Fastmg 

II 


4 17 

0 174 




Fastmg 

III 


12 66 

0 527 

63 55 

2 65 

5 02 

Phlorhizm 

IV 


18 76 

0 782 

65 30 

2 72 

3 38 

Phlorhizm 

V 

1 20 1 

18 57 

0 774 

65 84 

2 74 

3 54 

Phlorhizm 

VI 

1 

17 29 

0 720 

64 SO 

2 70 

3 74 

11 
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TABLE III 
Dog 19 


DATE 

PERIOD 

■WEIGHT 

§ 

! g 

1 « 

z 

a 

o 

o 

O A 

K 

w 2 

O K 

2 * 

£ 

55 

TOTAL 

GLUCOSE 

D 

W ° 

S} K 

O 

o 

D N 

REMARKS 

April, 1912 











(Third 

1 









8 

starving 











day) 

I 

12 79 

4 0 

0 388 

0 097 




Normal and 











starving 


8 

11 


16 25 

1 83 

0 1126 




Normal and 











starving 


9 

ill 


3 0 

0 455 

0 152 

4 44 

1 48 

9 76 

Phlorhizin 











admmistra- 











tion com- 











menced 


9 

IV 


3 0 

0 490 

0 163 

4 016 

1 335 

8 20 



9 

V 


3 0 

0 635 

0 2116 

3 55 

1 183 

5 6 



9 

VI 


3 0 

0 777 

0 259 

3 65 

1 22 

4 7 



9 

VII 


12 0 

3 82 

0 319 






10 

VIII 

12 41 

3 0 

1 035 

0 345 

3 85 

1 29 

3 72 



10 

IX 


3 0 

1 145 

0 382 

3 79 

1 26 

3 32 



10 

X 


3 0 

1 195 

0 398 

3 77 

1 26 

3 16 



10 

XI 


3 0 

1 15 

0 383 

3 80 

1 27 

3 3 



10 

XII 


12 0 

4 94 

0 412 

15 18 

1 26 

3 07 



11 

XIII 

12 35 

3 0 

1 25 

0 416 

4 011 

1 337 

3 21 



Experiment continued for other purpose 


place gradually until it reached its highest level, on the third day, 
when Lusk’s D N ratio became established If uninfluenced by 
external factors, it remains at that high level until shortly before 
death, when it dechnes slightly 

In table II an experiment is reproduced, which was published 
by Reilly, Nolan and Lusk 8 about fifteen years ago Its object 
here is to illustrate the similarity of the behavior of dogs of dif- 
ferent sizes 

In table III a detailed study is presented of the nitrogen and 
glucose metabohsm during the first two days of phlorhizin glyco- 
suria In this, as m all other phlorhizin experiments, it is to be 


Reilly, Nolan and Lusk loc cit 
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noted that the glucose elimination runs fairly constant throughout 
the course of the experiment The nitrogen, however, is a verj 
variable factor, and it is always the variable factor in the D N 
quotient 

Before we attempt to further discuss the causes of this peculiar 
rise in the protom metabolism, it will be well to review the theories 
advanced m explanation of the mechanism of phlorhizm glycosuria 

n 

Von Menng, 9 in his early experiments on phlorhizm glycosuria, 
found a concentration of 0 09, 0 095 and 0 082 per cent of glucose 
in the blood of dogs which excreted 6 5, 9 2 and 8 6 per cent of 
glucose m the urine He demonstrated that hyperglycaemia was 
not a necessary factor in the production of glycosuria, and suggested 
that the kidney might be the seat of the changes brought about by 
the phlorhizm Minkowski 10 corroborated the findings of Von 
Mering and also showed that after the administration of phlorhizm, 
there was a decided decrease in the sugar concentration of the blood, 
and that nephrectomy was not followed by an increase in the glu 
cose concentration These findings practically paved the way for 
the classical experiments of Zuntz 11 He injected some phlor- 
hizm m the renal artery of one side and was able to demonstrate 
the appearance of glycosuria on that side some time before it 
appeared on the other It took fully half an hour before the quan- 
tity of glucose eliminated on the second side equalled that of the 
first This work was further strengthened by the results of Biedl 
and Kolisch, 12 in which they demonstrated the fact that the perfused 
extirpated kidney becomes permeable to sugar after the addition 
of phlorhizm 

If the kidneys were not the only seat of attack of the phlorln- 
zin, and if phlorhizm per se had any influence on the sugar burning 
capacity of the cells of the body, nephrectomy should have been 
followed bv a rise m the glucose concentiation of the blood, as n 

0 Von Menng Zeilschr f Lhn Med , \vi, p 433, 1889 

10 Minkowski loc cit 

11 Zuntz Du Bois-Reymond’s Archiv f Physiol , 1895, p 570 

i- Biedl and Kolisch Verhand d ISten Kongresses f innerc Median, 
p 573, 1900 
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the case in pancreatic diabetes (Minkowski, el al ) This, however, 
did not take place 

0 Loewi, 13 employing a very clever method of experimentation, 
arrived at the conclusion that m normal animals the glucose does 
not exist m the blood m a free crystalloidal form, but combined 
with one of the colloids This colloidal combination cannot pass 
the kidney membrane The phlorhizm affects the cells of the 
tubules of the kidneys in such a way as to bring about a dissocia- 
tion of the glucose from the colloids The glucose is then secreted 
into the tubules There, by its power of adsorption, it holds on, 
and thus prevents the reabsorption by the tubules of the water 
which has been filtered through the glomeruli, resulting m a “pas- 
sive” diuresis 

Loewi’s conclusions do not stand unchallenged Michaehs and 
Rona, 14 and Rosenfeld and Ascher 15 do not believe that the sugar 
circulates m the blood in a combined state However this may be, 
as far as our present means of investigation go, the fact stands 
proven that the kidneys are the only or at least the most important 
seat of attack of the phlorhizm The character of the attack, how- 
ever, is still in the domain of speculation 

Normally, when sugar is fed to an animal, there is an increase m 
the concentration of the glucose m the blood There is an increase 
m the process of diffusion of glucose from the blood to the cells of 
the body, where it is either oxidized or converted into the still more 
stable form of glycogen, to await further need The concentra- 
tion in the blood then comes down to its normal level 

In starvation, the process is reversed The stream of diffusion is 
m the opposite direction to maintain the concentration of glucosein 
the blood, which undoubtedlv always tends to sink, because of the 
withdrawal of glucose from the blood by the very active organs 
which themselves do not store glycogen to any considerable extent, 
like the heart and glands 

From the aforesaid, one can easily conceive that some sort of 
equilibrium normally exists between the amount of glycogen in the 

13 O local \rch f cep Palhol n Phatm , xlviii, p 410 1902, 1 p 
326, 1903 

14 Michaehs and Rona Biochem Zeitschr , vn, p 329, 1907 

15 Rosenfeld and Ascher Ccnlralbl f Physiol , \i\, No 14, 1905 
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cells and the concentration of sugar in the blood After the admin- 
istration of phlorhizm, when sugar begins to be poured out by the 
kidneys, this equilibrium is disturbed, with the negative balance 
on the side of the blood From the fact that the blood shows a 
remarkable persistence m maintaining its glucose concentration at 
the level of about 0 07 to 0 10 per cent in different conditions of 
nutrition in health and disease, except m pancreatic diabetes and 
diabetes melhtus, it becomes evident that there must be some 
teleological reason for it And that these factors should be at 
play in mobilizing the carbohydrates from the glycogen depots 
m cases where the blood is depleted of its glucose (phlorhizm 
glycosuria) seems very probable 

With the rapid withdrawal of glucose from the blood by the kid- 
neys, the concentration of the glucose in the blood tends to sink 
The diminution, lion ever, is adequately compensated for as long 
as there is plenty of glycogen Should the supply of the latter 
become low, the protein will be called upon to contribute to the supply 
of glucose m the blood 

The protein metabolism on the first day of phlorhizm glyco- 
suria is alv ays mcreased, but the increase depends upon the amount 
of glycogen the animal has at its disposal If the animal has been 
m good condition of nutrition with an abundant supply of glycogen, 
the depletion of the system of its glucose is compensated for almost 
entirely by the glycogen This is evident from the experiment 
recorded in table III, in which the D N ratio is exceedingly high 
during the first six hours of the glycosuria, while there is but a 
slight nse m the nitrogen elimination The protein reaches the 
highest level of catabolism at about the second on third day of the 
glycosuria, when it is the sole contributor to the glucose supply of 
the blood At this stage, Lusk’s quotient of D N = 361 becomes 
established It represents the maximum destruction (Einschmel- 
zung) of protein m its attempt to mamtam the glucose concentra- 
tion of the blood, and it also represents the maximum amount of 
glucose that can be produced from protein 

In the foregomg, the hypothesis has been presented that the 
diminution m the concentration of glucose in the blood is an essen- 
tial factor m the nse of protem metabolism Experimental evi- 
dence which leads to that conclusion w ill now be presented 
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The spuing influence of carbohydrates on the protein metabo- 
lism has been v ell established Lusk’s 16 early researches shov to 
what extent the protein metabolism will be increased after suddenly 
removing carbohydrates from the diet, whereas Rubner, 17 Lander- 
gren, 18 Cathcart 19 and others have shown it to have the power of 
reducing the starvation requirements of protein 

Kayser 20 shoved that bj r replacing the carbohydrates from the 
diet by an isodynamic quantity of fat, the nitrogen metabolism 
increases Throughout the whole experiment, lasting ten days, 
the calorific value of the diet was kept fairly high and constant 
(2556 to 2607 Calories) The amount of nitrogen ingested was 21 1 
to 21 5 grams The nitrogen-free substances of the first four days 
and of the last three days consisted of 71 grams of fat and 338 grams 
of carbohydrate During the three days of the intermediary 
period, the same amount of nitrogen was ingested, but all of the 
carbohydrate was replaced by an isodynamic quantity of fat, i e , 
21 grams of mtrogen + 220 grams of fat The urinary analyses 
shoved the following amounts of mtrogen per day 


First period of 4 dajs 

Mixed diet 

gms 

17 4 

p ms 

18 8 

gms gms 

19 31 20 1 

Second period of 3 days 

Protein and fat 

22 2 

22 9 

25 4 

Third period of 3 days 

Mixed diet 

20 8 

18 4 

18 8 


Landergren, 21 in a series of very beautiful experiments on man, 
showed that m specific mtrogen hunger and on a rich carbohydrate 
diet, the mtrogen metabolism will be reduced to a minimum and 
will reach the lowest level on the fourth day, when less than 4 
grams will be eliminated These findings have since been corrobo- 
rated by Cathcart 22 

In experiment VIII of his researches, Landergren gave a man, 
weighing 69 7 kilos, a diet of 0 2 gram of nitrogen, 737 5 grams of 

ie Lusk Zetlschr f Biol , wvu, p 459, 1890 

17 Rubner Geselze tfes Energieverbrauches bei der Emakrung, pp 71, 79 

14 Landergren Sland Arch f Physiol , \iv, p 112, 1903 

1# Cathcart Journ of Physiol , xrw, p 311, 1909 

70 Kayser Beitrdgc zur Lchre vom Sloffwechscl, n, p 1, 1S94 

71 Loc c it 

77 Loc ci l 
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carbohydrate and 17 grams of alcohol per day for four days The 
calorific valueof this diet was 3150 Calories or 45 2 Calories per kilo 
of body weight On the fifth day all of the carbohydrates of the 
diet were replaced by an isodynamic quantity of fat (304 grams fat, 
30 4 grams alcohol = 3048 Calories) This diet was given for 
three days The urinary analyses showed the following amounts 
of nitrogen per day 

Carbohydrate period Tat period 

0 I IX III IV V U MI 

12 7C 8 91 5 15 4 30 3 7G 4 28 8 80 9 04 

In Ins paper on the Influence of Carbohydrates and Fats on 
Protein Metabolism, Cathcart 23 reports a similar experiment per- 
formed on a man in specific mtrogen hunger He was kept for 
five day s on a diet containing 454 grams of banana meal and 230 
grams of honey (32 Calories per kilo of body weight) On the sixth 
and seventh days the carbohydrate was replaced by a diet ol butter 
and cream, a little higher than isodynamic (35 Calories per kilo) 
The urinary analyses showed the following amounts of nitrogen per 
day 

Carl, oh> dratc period l* nt P crIot l 

1 II III r\ \ VI MI 

0 79 0 40 4 77 4 79 4 39 4 83 5 1 i 

These tv 0 experiments stand in absolute agreement m showing 
that the catabolism of protein in the body on a pure carbohydrate 
diet is at least one-half as much as on a diet containmgan isody 
namic quantity of fat 

How can we explain this peculiar difference between two foo - 
stuffs, which dynamogenetically replace each other quantitative!) 

The total metabolism of the cells of the body, according to Ru 
nor 21 is determined by its requirement for kinetic energy It ° es 
not make much difference which of the foodstuffs is called upon 0 
satisfy this requirement It probably depends upon the concen 
tration of the different foodstuffs m the fluids of the body me u 
ing those of the protoplasm Here, the protein, carbohy ra es 
and fats replace each other m isodynamic quantities Assuming 

55 Loc ci 1 

51 Rubncr v Leyden’s Handbuch, 1 , p 78, 1898 
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that the cells exercise free selection and that the concentration of 
the body fluids is equally rich in all of the foodstuffs, the protein 
will be attacked first, carbohydrates next and lastly the fats 
According to E Voit" 5 this order is determined by the affinity of 
the cells for the individual foodstuffs In addition, the carbo- 
hydrates, because of their aldehyde and ketone groups, probably 
maintain a much more labile equilibrium than do the fats, and so 
burn much quicker, and thus spare the burning of protein Rub- 
ner also believes that the relative sizes of the molecules of carbo- 
hy drates and fats have a great deal to do with the velocity of absorp- 
tion and penetration into the cells, and that these factors give the 
advantage to the carbohydrates 

Landergren, however, does not accept this hypothesis From 
his own experiments, and those of Talquist, 26 he concludes that 
the physical and chemical differences between the carbohydrates 
and fats are not sufficient to explain the difference m their protein 
sparmg properties He believes that when a condition arises in 
v hich the animal body has no carbohydrate at its disposal the body 
must prepare it from its own material Since a physiological 
transformation of fat into sugar has never been proven, he assumes 
that the protein is the sole contributor to the formation of glucose 
The constancy of the concentration of sugar in the blood in cases 
of prolonged starvation speaks very much in favor of this hypoth- 
esis The giving of carbohydrate therefore spares that amount 
of protein catabohsm, while a diet of fat does not The protein 
metabolism must then be assumed to consist of three component 
parts 

1 The “minimal nitrogen requirement” which represents the 
amount of protem that is catabohzed during specific nitrogen 
hunger, when the body receives all its calorific requirements in the 
form of carbohydrates, or carbohydrates and fats m equal calorific 
quantities This amounts to about 4 grams of nitrogen per day in 
a full grown man, and corresponds to Rubners “wear and tear 
quota ” 

2 The “dextrose nitrogen” which represents the amount of 
protein that is catabohzed in excess of the “minimal nitrogen 


» E Voit and A Korhunoff Zcilschr f Biol , xxxn, p 135, 1895 
16 Talquist cited by Landergren 
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requirement” m case of specific nitrogen hunger and in the absence 
of carbohydrates from the diet, i e , when the calorific require- 
ment is covered exclusively by fat This amounts to about 4 or 
5 grams of nitrogen per day 

3 The “ complementary nitrogen” which represents the amount 
of protein catabolized for dynamogenetic purposes m cases of 
starvation in excess of 1 and 2, or when large quantities of protein 
are added to the diet 

The nitrogen value of 1 cannot be reduced by carbohydrates or 
fats It can be replaced only by protein The nitrogen of 2 can 
be spared by a sufficient supply of carbohydrates (50 per cent of 
calorific requirements) It cannot be spared by fat The nitrogen 
of 3 can be spared by any foodstuff 
Phlorhizin glycosuria and pancreatic diabetes offer a very good 
opportunity for the study of this problem In both do we meet 
with a tremendous rise m the protein metabolism and in both is 
there an absence of glucose combustion Thanks to the researches 
of Lusk, the relationship between the protein metabolism in phlor- 
hizin glycosuria and normal starvation has been worked out to a 
high degree of accuracy A perusal of the literature on pancreatic 
diabetes, however, reveals the fact that m very few experiments 
has any attention been paid to this The works of Falta, Grote 
and Stahehn 27 cannot be relied upon because of the fact that their 
animals had febrile temperature, which is a very disturbing factor 
in the study of protein metabohsm 
The only satisfactory experiments are those of Falta and Whit 
ney, 28 part of which is reproduced in table IV For four days the) 
studied the protein metabohsm of a normal starving dog On the 
fifth day the pancreas was removed The analysis of the urine 
commenced two hours after the extirpation of the pancreas 
The average daily elimination of nitrogen during the forepeno 


was 


5 35 + .3 .39 + 3 86 + ^2_1 = 4 2Q gr nTnB T he highest 


amount of nitrogen eliminated during the diabetes was 12 01 grams, 
i e , aD increase of 286 per cent above the starvation requiremen s 
This is decidedly lower than the increase in the protein catabo ism 


17 Falta, Grote and Stahehn Loc ci l 190 g 

JS Falta and Whitney Beilr z chem Physiol u Pathol , xi, p > 
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TABLE IV 



PERIOD 

WEIGHT 

| NITROGEN 

! NITROGEN 1 
PER HOUR j 

GLUCOSE 

D N 

REMARKS 

I 

17 35 

| 5 35 

r 



1 Normal starv 

II 

17 17 

1 

1 3 39 



I 

mg 

' 

' 

III 

16 88 

3 86 





IV 

16 53 j 

4 21 


1 

j 




Extirpation of pancreas 



v* ! 

15 68 

11 52 

0 48 1 

27 02 1 

2 35 I 


VI 1 

14 89 1 

11 83 

0 49 

38 04 1 

3 15 


VII 1 


11 98 ] 

0 50 

34 54 | 

2 88 1 


VIII 1 

14 08 

12 01 

0 50 , 

38 25 1 

3 18 



Analyses tv ere made for fourteen hours calculated by the author for twenty four hours 


that is usually associated with phlorhizm glycosuria There is no 
question but that the increase in nitrogen elimination m pancreatic 
diabetes is due to dynamogenetic reasons only, for this condition is 
always associated with hyperglycaemia, and, under ordinary cir- 
cumstances, 29 with complete cessation of the utilization of glucose 

In phlorhizm glycosuria, under conditions of not too great admin- 
istration of carbohydrates, we also meet with complete cessation 
of the utilization of glucose, but this condition is associated with a 
decided hypoglycaemia and a nse m the protem metabolism above 
the starvation requirements, to a much greater extent than m pan- 
creas diabetes If Landergren’s hypothesis is true, that the pro- 
tem metabolism is to a certain extent dependent upon the concen- 
tration of glucose in the blood and body fluids, then, the feeding of 
glucose to phlorhizmized dogs, m quantities small enough not to 
exceed "the diffusion level,” ought to be followed by a lowering in 
the protem metabolism (1 e , sparing of fraction 2 See page 439) 
On the other hand, the giving of a similar quantity of glucose to a 
depancreatized animal ought to be followed by no depression m the 
protein metabolism 

The experiments reported below were performed with the object 
of testing the truth of this hypothesis 

s * That is, if not accompanied by the administration of too large quanti- 
ties of carbohydrate 
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TABLE V 


Dog 11 Twenty-four-hour •periods 


PERIOD 

H 

B 

2 

w 

* 

55 

u 

0 

o 

gE 

s* 

H 

cn 

O 

< j 

1 H 

D N 

remarks 

III 

17 53 


52 08 


Fasting 

IV 

17 24 

9 32 


KTTIh 

76 grams of glucose given per os in six 




i i 


doses 

V 

16 86 


50 95 

3 64 


VI 


7 18 

127 17 

17 71 

160 grams of glucose as above 

VII 

16 25 

7 78 

j 66 29 

7 23 






TABLE VI 



Dog 16 

Twenty-four-hour periods 

II 

12 25 

12 43 

44 67 

3 59 

' 

III 



36 93 

3 51 

100 grams beef heart and 75 grams lard. 

IV 






V 

11 34 


69 78 


SB grams glucose given per os during 





Mi 

day 

VI 

11 21 

10 75 

40 39 

igg 

100 grams beef heart and 75 grams lard 


table vn 

Dog 17 Twelve-hour periods 


O 

g 

g 

M 

04 

1 

» 

a j 

H 

O 

o 

dE 

I s 

TOTAL 

QLUC03E 

i 

D N 

REMARKS 

. 

I 


5 32 

1 ■ 

20 19 

3 79 

Fasting 

II 

10 31 

4 14 

46 78 

11 30 

49 grams of glucose given per os 

III 


4 35' 

27 30 

6 28 


IV 

9 93 

5 00 

20 49 

| 410 




TABLE VIII 

Pancreas diabetes Dog IS Twenty-four hour periods 


I 

7 93 

7 09 

' 

16 92 

2 38 


II 

7 68 

6 48 

17 57 

2 71 


III 


6 88 

64 80 

9 42 

40 grams of glucose given per os 

IV 

7 08 

12 41 

39 54 

3 19 

300 grams of beef heart 

V 

VI 


14 25 

15 46 

36 27 
40 07 


| 400 grams of beef heart 
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Dog 11 u as phlorhizmized m the usual maimer and the D N 
ratio established Seventy-five grams of glucose dissolved in water 
and divided mto siv doses were given per os on the fourth day of the 
glycosuria One hundred and fifty grams were given on the sixth 
day 

From the D N ratio on the third and fifth days, we may safely 
assume that the phlorhizin intoxication was complete and that the 
protein metabolized on the fourth, sixth and seventh days yielded 
3 6 grams of glucose for every gram of nitrogen 
The amount of glucose eliminated on the fourth day was 103 1 
grams By subtracting 33 55 grams, which originated from the 
protem (9 32 X 3 6), we find that 69 5 grams of the 75 grams of 
glucose fed were eliminated unbumt By applying similar calcu- 
lations to the results obtained on the sixth and seventh days, we 
find that the protem metabolized during the sixth day yielded 
(7 18 X 3 6) = 23 85 grams of glucose and during the seventh 
day (7 78 X 3 6) = 28 01 grams The total amount of glucose 
eliminated during these two days was 183 46 grams By sub- 
tracting the glucose that was denved from the protein, we find that 
131 6 grams of the 150 grams of glucose ingested were eliminated 
unburnt 

The mtrogen metabolism was diminished by a little more than 
5 grams on the fourth day and was reduced almost 50 per cent on 
the sixth and seventh days If the increase m the protein meta- 
bolism in phlorhizin diabetes were due to dynamogenetic reasons 
only, the burning of 5 5 grams of glucose on the fourth day could 
not have spared the combustion of 31 8 grams of protein Nor 
could the burning of 18 4 grams of glucose on the sixth and seventh 
days have spared as much as 81 grams of protem 
It is also noteworthy m this experiment that the 150 grams of 
glucose given within twelve hours were not eliminated completely 
during the first twenty-four hours, but were carried over to a 
great extent to the second twenty-four hours 

Dog 15 was phlorhizmized and fed 75 grams of lard and 100 
grams of beef heart per day This covered approximately his 
calorific requirements During period V, 25 grams of glucose were 
added to his diet and were administered in six doses The amount 
of glucose eliminated on that day was 59 78 grams By sub- 
tracting the amount of glucose that originated from the 9 08 grams 
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of protein [59 78 — (9 08 X 3 6) = 27 1] we find that 27 1 grams 
of extra glucose were eliminated on that day It is absolutely 
certain that none of the glucose fed was burnt, and still there is a 
decided diminution m the protein metabolism 
Dog 17 was treated like Dog 11 During period II the animal 
received per os 49 grams of glucose The D N ratio in period IV 
was still high, showing that extra glucose was still being eliminated 
The total amount of glucose eliminated during periods II, III and 
IV was 94 57 grams The total nitrogen eliminated dunng these 
periods was 13 49 grams, which could give rise to 48 56 grams of 
glucose By subtracting this from the total, we find that from the 
49 grams of glucose administered, 46 were recovered in the urine 
The total nitrogen, m this case as in the two previous experiments, 
was considerably reduced during the “glucose” period 

Dog 12 had its pancreas removed about three weeks before the 
experiment was commenced The operation was performed b\ 
Dr J E Sweet of the Department of Experimental Surgen 
That the pancreas was completely removed, we assume from the 
character of the D N ratio, wdnch was close to the one established 
by Minkowski On the third day of the experiment the animal 
received 40 grams of glucose, administered per os in six doses 
This experiment shows, m a very striking manner, the difference 
between pancreatic and phlorhizm glycosuria Whereas the giving 
of glucose to phlorhizimzed ammals is invariably associated with a 
lowering of the protein metabolism, this phenomenon is not observed 
on pancreatic diabetes 

These experiments support the hypothesis of Landergren The) 
show that a certain amount of protein in phlorhizm glycosuria can 
be spared by glucose although the glucose is not burnt, but is eliminated 
quantitatively m the unne 

The question of dynamogenesis can be left out entirely, for m 
Dog 15 every gram of glucose was recovered m the urine V e 
must then assume the existence of a fraction of protein metabolism 
that is spared by the mere presence of glucose in the circulation 
It exists as a factor distinct from the “wear and tear quota” (mini 
mal mtrogen requirement”) and also distinct from the “compe 
mentary fraction ” 

One other important fact to be noted is the difference between 
the mtrogen curves presented by the phlorhizimzed and depancrm 
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tized dogs during the onset of glycosuria In phloriuzmized ani- 
mals the nitrogen reaches the highest level on the second or third 
day, whereas m the depancreatized dog, the protein metabolism 
rises at once to the highest level (see tables I, II, III and compare 
with IV) 

SUMMARY 

1 Experiments were performed which showed that m ph i or - 
hizin glycosuna the protein metabohsm rises in part because of the 
hvpoglycaemia that is present m that condition 

2 The giving of small quantities of glucose to phlorhizmized 
animals results in a sparing of protein, although all of the glucose 
is eliminated m the urine and none of it is burnt This lends sup- 
port to Landergren's hypothesis, which assumes that m starva- 
tion, a certain fraction of protein is metabolized for the formation of 
glucose, and that this fraction can be spared by carbohydrates and 
not by fat 

3 The protein metabohsm above the starvation requirement m 
pancreatic diabetes does not rise as high as m phlorhizm diabetes 

4 The giving of glucose to a dog with pancreatic diabetes does 
not spare any protein 

5 It is suggested that the protein metabolism is lower m pan- 
creatic than m phlorhizm diabetes because of the hyperglycaemia 
which prevents the catabolism of the so-called “dextrose protein ” 




CONCERNING THE ORGANIC PHOSPHORIC ACID 
COMPOUND OF WHEAT BRAN 

PRELIMINARY REPORT THIRD PAPER ON PHYTIN 
By R J ANDERSON 

( From the Chemical Laboratory of the New York Agricultural Experiment 
Station, Geneva, NY) 

(Received for publication, July 29, 1912 ) 

INTRODUCTION 

In the last two papers dealing with the chemistry of phytm 1 
various salts of phytic acid with morgaruc bases, as well as various 
phosphoric and pyrophosphonc acid esters of mosite, have been 
described In connection with this work the subject of the organic 
phosphorus compound of wheat bran was taken up 

Patten and Hart 2 had shown that wheat bran contains an organic 
phosphorus body which on cleavage with 30 per cent sulphuric 
acids in a sealed tube gave mosite as one of the products of decom- 
position They also obtained an acid from a 0 2 per cent hydro- 
chloric acid extract of bran which on analysis gave results corre- 
sponding very closely with the theoretical composition of phytic 
acid, or, as the substance was then called, “anhydro-oxymeth- 
ylene di-phosphonc acid ” These results led them to believe that 
the substance which they had isolated was identical with the or- 
ganic phosphorus compound described by Palladia, 3 Schulze and 
Wmterstem 4 and later by Wmterstem 5 and which was finally 
obtained m pure form by Postemak 6 who gave the substance the 
name “phytm ” 

1 This Journal, xi, p 471, xu, p 97, Technical Bull 19 and 21, N Y Agnc 
Exp Station, 1912 

2 Amer Chem Journ , xxxi, p 566, 1904 

2 Zeitschr f Biol , p 199, 1894 

* Zeitschr f physiol Chem , \xu, p 90 

5 Ber d deutsch chem Gesellsch , x\x, p 2299 

« Rev gin hot , xu, pp 5, 65, 1900, Compt rend acacl d set , cxxxvn, 
pp 202, 337, 439, 1903 
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This substance, isolated by Patten and Hart and assumed by 
them to be phytm, has since been regarded as such by Suzuki and 
Yoshimura, 7 Neuberg, 8 Forbes 9 and others These authors do 
not, however, report any complete analyses of the substance 
Since the investigation of the organic phosphorus compound 
of wheat bran by Patten and Hart, several feeding experiments, 
some of which have not yet been published, to determine the physi- 
ological effect of phytm have been carried out at this institution 
by Dr Jordan In these experiments it has been found that the 
effect of pure phytm salts differs decidedly from that obtained 
by feeding varying quantities of washed and unwashed wheat bran 10 
These anomalous results could not be explained on the assumption 
that only “phytm” was removed from the bran by washing 
The problem was still more complicated by the fact that previous 
work had shown that very little besides phosphorus compound 
and inorganic bases had been removed from the wheat bran in the 
process of washing or leaching u 

In the hope of throwing some light on this subject, the chemical 
investigation of the products removed from wheat bran by washing 
it in dilute acid was again taken up The chief object was to iso- 
late and identify the orgamc phosphorus body and to determine 
what bases were associated with it 

If ordinary wheat bran be extracted with 0 2 per cent hydro- 
chloric acid and the resulting filtered extract precipitated with 
alcohol, a body is obtamed which, after repeated precipitations 
from 0 2 per cent hydrochloric acid with alcohol, shows a relatively 
uniform composition The composition varies somewhat depend- 
ing upon the conditions under which the substance is prepared, 
but on an average it has been found to be about as follows C, 
21 0, H, 3 5, P, 14 0 per cent The substance also contains cal- 
cium, magnesium, potassium and sodium m varying amounts, 
together with traces of iron, and it always contains nitrogen varying 
from 2 1 to 0 4 per cent The nitrogen, however, is not present 
as ammonia The compound reduces Fehlmg’s solution on boil- 

1 Bull Coll of Agnc Tokyo, vu, p 498 
8 Bwchem Zeitschr , xvi, p 405 
’ Bull 215, Ohio Agnc Exp Station 
10 Atncr Journ of Physiol , xvi, p 268, 1906 
11 Ibid , xvi, pp 274, 304, 1906 
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mg It gives reactions with orcme and phloroglucine and yields 
furfural when distilled with 12 per cent hydrochloric acid It was 
first described by Patten and Hart 12 although they do not mention 
the above reactions As previously stated they considered it 
identical with phytin although according to their analysis it had 
the following composition 

C, 18 52, H, 3 83, P, 1G 38, Ca, 1 13 Mg, 5 80, IC, 2 60, N, 0 37 per cent 

It wall be noticed at once that for a salt of phytic acid the above 
compound has about 10 per cent too much carbon and about 6 
per cent too little phosphorus 

After isolating and purifying some of the substance, as will be 
described m the experimental part, a product was finally obtained 
which had the composition first mentioned above It was believed 
at first that it was an impure phytin compound, probably associated 
with oome carbohydrate group and some complex mtrogen-contam- 
mg body All attempts to prepare any of the characteristic salts 
of phytic acid from the substance have failed We have found, 
however, that it is possible by the action of barium hydroxide to 
separate the substance into two constituents, one of which is an 
organic phosphoric acid free from nitrogen, the other a nitrogenous 
substance also containing phosphorus m organic combination 
The latter has, however, not been obtained m pure form It has 
not been analyzed and its nature is at present entirely unknown 

The barium salt of the nitrogen-free body corresponds to the for- 
mula QtfHssOwPgBas The isolation of the free acid, CjsHesOeiPs, 
corresponding to the above barium salt, has not succeeded 
Attempts to isolate it led to an organic phosphoric acid, lower m 
carbon and higher in phosphorus, of the composition C20H55O49P9 
In the process of isolation apparently the elements of one pentose 
are split off 

CssHAO^P^ — C5B10O5 = CjoHfjCbsPp 

If, in the preparation of the above barium salt from the crude sub- 
stance, the solution is allowed to stand in contact with dilute hydro- 
chloric acid for any length of time a barium salt is obtained corre- 
sponding to the second acid, Cso^sChgPgBas, from which salt the 
free acid may be generated The barium salt, CjsHssOwPpBas, 


1 Loc at 
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yields furfurol on distillation with 12 per cent hydrochloric acid 
but the salt, Q-oBUsChsPgBas, does not do so 

The acid, C20H55O49P9, apparently represents the nucleus of the 
molecule of the organic phosphorus compound, as it has been 
found impossible to obtain any simpler organic phosphonc acid 
from it by treatment with acids On boiling with normal sul- 
phuric acid at ordinary pressure it is slowly decomposed with 
formation of phosphonc acid and reducing bodies, apparently car- 
bohydrates, as the solution reduces Fehlmg’s solution and gives 
reactions with orcme and phloroglucme, but no trace of mosite 
could be isolated The unchanged portion isolated from the reac- 
tion mixture has exactly the same composition as it had before 
boiling, which indicates that the molecule is gradually broken up 
into reducing bodies and phosphonc acid without suffenng any 
intermediate or partial decomposition On heating the substance 
m a sealed tube with 5 x sulphuric acid the cleavage appears to 
go m another direction, for m this case 90 per cent of the total 
carbon was recovered m the form of mosite and absolutely no re 
ducmg bodies were present in the reaction mixture No explana- 
tion can be offered at this time concerning this peculiar behavior 
towards sulphunc acid under ordinary pressure and m a sealed 
tube 

It is evident that this compound is not phyim The only similar- 
ity between these substances is found m that they are both organic 
phosphonc acids and that w r hen heated in a sealed tube with 
acids they yield mosite as one of the products of decomposition 
Whether this new compound contains the mosite as such or whether 
it is only formed in the process of decomposition cannot be defi 
nitely determined at this tune However, if it were a complex 
compound of mosite and phosphoric or pyrophosphonc acid, 
the isolation of mosite should be possible after cleavage with dilute 
acid at ordinary pressure As has been stated this cannot be done 
and, moreover, the empincal formula of the substance can bardl) 
be brought into accord with any mosite compound 

The substance is probably similar to, if not identical with, t e 
glucophosphonc acid described by Levene 13 The same author 

11 Journ Amer Chem Soc , x-av, p 190, 1902, Amer Joum of Physiol, w 
p 11, 1903 

M Biochem Zeilschr , xvi, p 399 
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also described an organic phosphoric acid compound isolated from 
hemp seed which gave reactions for pentose or glucuronic acid 
Since phjdm does not give these reactions, as stated by Neuberg, 15 
it is very probable that the products examined by Levene were of 
the same nature as that described in this paper 
The chief support of the assumption of Patten and Hart 16 that 
the organic phosphorus compound of wheat bran was phytm was no 
doubt based upon the fact that they had obtamed a substance from 
dilute hydrochloric acid extract of bran which corresponded closely 
in composition with that required for the “anhydro-oxymethylene 
di-phosphonc acid” of Postemak Serious objection, however, 
must be raised agamst their method of isolating this substance m 
that they made absolutely no effort to remove inorganic phosphates 
From the work of Hart and Andrews 17 they believed themselves 
justified m considering the morgamc soluble phosphates present 
m iv heat bran as a negligible quantity While u e cannot enter into 
any discussion of the above work here, it is to be noted that m the 
determination of the soluble morgamc phosphates m plant con- 
stituents Hart and Andrews extracted the material with 0 2 per 
cent hydrochloric acid for fifteen minutes and determined the 
morgamc phosphorus m the filtered extract by precipitating with 
nearly neutral ammonium molybdate By this method they 
found 0 036 per cent inorganic phosphorus in wheat bran The 
total amount of phosphorus compounds soluble m 02 per cent 
hydrochloric acid was found to be equivalent to 0 951 per cent 
phosphorus The inorganic phosphorus found by the above 
authors is therefore equal to 3 78 per cent of the total phosphorus 
soluble in 0 2 per cent hydrochloric acid 

Suzuki and Yoshimura 18 report phosphorus determinations m 
wheat bran They found 0 638 per cent of phosphorus soluble m 
0 2 per cent hydrochloric acid, of which 0 050 per cent was inor- 
ganic and 0 579 per cent organic The inorganic phosphorus 
found m this case is therefore equal to 8 63 per cent of the total 
phosphorus soluble m 0 2 per cent hydrochloric acid 


15 Bwchem Zeilschr , xvi, p 405 
18 Loc cit 

17 Bull 238 N Y Agnc Exp Station, 1903 

18 Bull Coll of Agnc , Tolyo, vii, p 498 
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The work of Forbes and associates 19 seems to show that the time 
allowed by Hart and Andrews, fifteen minutes, is not sufficient for 
complete extraction and that neutral molybdate solution is not 
suitable for precipitation in all cases, that when three hours is 
allowed for extraction a considerably larger amount of inorganic 
phosphorus is obtained 

In the preparation of the “phytin” products from wheat bran 
Patten and Hart 20 do not mention any definite time allowed for 
extraction but only state that “the bran was extracted for several 
hours with 0 2 per cent hydrochloric acid,” apparently therefore 
a longer time than allowed by Hart and Andrews in their determina- 
tions of inorganic phosphorus 

When wheat bran is digested for several hours m 02 per cent 
hydrochloric acid we have found that the resulting extract always 
contains a considerable quantity of inorganic phosphates Quan- 
titative determinations have, however, not been carried out and 
we are at present unable to state whether the inorganic phosphates 
were present m the bran ongmally or if they have been formed by 
hydrolysis of the organic phosphorus compounds, but we purpose 
to take up this phase of the subject later 

On precipitating a bran extract, prepared as indicated above, 
with any of the usual reagents for the isolation of the organic 
phosphorus compound the inorganic phosphates are more or less 
completely precipitated at the same time In order to remove 
these inorganic phosphates we have found it necessary to repeatedly 
precipitate the substance from 0 2 or 0 5 per cent hydrochloric 
acid with alcohol In other words the substance has been reprecipi 
tated until the dilute nitnc acid solution of the resulting product 
does not give any immediate reaction with ammonium molybdate 
The slight amount of phosphomolybdate precipitated from the 
solution on longer standing is no doubt due to cleavage rather than 
to admixed inorganic phosphates 

In order to determine if any barium salt of different composition 
from those discussed above could be prepared directly from wheat 
bran extract, a 0 2 per cent hydrochloric acid extract of bran, 
prepared as before, was precipitated with barium chloride an 
alcohol The substance was purified by precipitating from 0 

18 Loc cxl 
20 Loc cil 
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per cent hydrochloric acid solution with alcohol until it gave no 
immediate reaction with ammonium molybdate (cf experimental 
part) Analysis showed that this compound contained a higher 
percentage of carbon and lower phosphorus than the barium salt 
prepared from the previously isolated crude substance and it 
gave a larger amount of furfurol on distillation with 12 per cent 
hydrochloric acid By treating this compound with dilute sul- 
phuric acid for a short time some reducing body was split off and 
the organic phosphorus substance finally isolated from the reaction 
mixture corresponded in composition with the barium salt first 
prepared, viz , This compound is, however, 

easily transformed into C20H55O49P9 as has already been shown 

Since we have been unable to isolate any compound from wheat 
bran corresponding in composition to a salt of phytic acid we have 
come to the conclusion that wheat bran does not contain phytrn 
and that the compound CnoH^O^ePg is the only organic phosphoric 
acid existing m bran It appears, however, that m its natural 
condition in the bran one or more as yet unidentified reducing 
bodies, which yield furfurol on distillation with hydrochloric acid 
and which are easily split off by the action of dilute acids, are 
loosely bound to this nucleus 

The so-called “ anhydro-oxymethylene di-phosphonc acid” ana- 
lyzed by Patten and Hart was undoubtedly a mixture of the above 
compound and free phosphoric acid This seems the more probable 
as they had not made any effort to remove inorganic phosphates 
m the preparation of their acid 

The empirical formulas suggested m this paper are of course 
purely tentative We are now preparing larger quantities of the 
substance from wheat bran and hope shortly to be able to report 
further concerning this compound Various other cereals and 
feeding stuffs are also being examined to determine whether they 
contain phytrn or if this other organic phosphoric acid compound 
is present 

EXPERIMENTAL PART 

Preparation of the organic phosphorus compound from wheat bran 

The bran vas digested with 0 2 per cent hydrochloric acid over 
night and the extract after straining and filtering na« precipitated 
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w ith alcohol according to the method of Patten and Hart ( loc cit ) 
The resulting precipitate w as purified by precipitating five times 
from 0 2 per cent hydrochloric acid with alcohol From 500 grams 
of bran 2 5 grams of substance w ere obtained as a white amorphous 
non-hygroseopic powder It is readily soluble in its own weight of 
water, forming a thick light amber colored solution of pleasant 
and characteristic but faint acid odor The substance reduces 
Fehhng’s solution on boiling and it gives the orcme and phloro- 
glucme reactions The aqueous solution is acid to litmus paper 
It is precipitated bj alkalies and solutions of salts of other metals 
Warmed with dilute nitric acid and ammonium molybdate it does 
not give an} immediate precipitate but on standing for several 
hours a trace of yellow phosphomolybdate is precipitated 
After drying at 120° the substance was analyzed 

0 1642 gram substance gave 0 0522 gram H,0 and 0 1285 gram CO, 

0 0SG0 gram substance gave 0 0428 gram Mg,P,07 for P 
0 1720 gram substance gave 0 0264 gram Mg_P,Oj for Mg 
0 1720 gram substance ga\ e 0 0054 gram CaO 
0 3897 gram substance gave 0 0085 gram N (Kjelduhl) 

The substance contained onlj a very small quantity of K 

Found C, 21 34, H, 3 55, P, 13 87, Ca, 2 24, Mg, 3 35, N, 2 18 per cent 

A larger quantity of the product was then prepared by extracting 
3 kgms of bran Alter isolating and purifying m the same wa} as 
before 47 grams of substance were obtained or about 1 5 per cent 
of the weight of the bran used In appearance and properties it 
was identical with the foregoing 

After drying at 105° m vacuum over phosphorus pentoxide the 
substance was analyzed 

0 2444 gram substance gave 0 0710 gram H,0 and 0 1940 gram CO, 

0 3936 gram substance gave 0 0149 gram CaO and 0 0861 gram Mg,P,0; 

0 3936 gram substance gave 0 0623 gram K-PtCle 
Phosphorus and mtrogen determinations were not made 
Found C, 21 64, H, 3 25, Ca, 2 70, Mg, 4 77, K, 2 54 per cent 

The substance w as again precipitated from 0 2 per cent hydro- 
chloric acid, washed and dried as before, when the following results 
were obtained on analysis 

0 1934 gram substance gai e 0 0639 gram H,0 and 0 1523 gram CO 
0 3313 gram substance gave 0 0131 gram CaO and 0 0717 gram Mg : 7 
for Mg 
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0 3313 gram substance gave 0 0444 gram K PtCls 
0 1650 gram substance gave 0 0S57 gram Mg P 2 0 7 for P 
0 4639 gram substance gave 0 0058 gram N (Ivjeldahl) 

Found C, 21 47, H, 3 69, P, 14 42, Ca, 2 82, Mg, 4 72, K, 2 15, N, 1 25 per 
cent 

Sodium was not determined but qualitative tests showed that it was 
present 

The reprecipitated substance, 0 3S87 gram, distilled with 12 per cent HC1, 
gave 0 0367 gram phloroglucid 

As, the composition did not change by reprecipitation it was 
deemed sufficiently pure to use in the subsequent experiments 
It was thought at first that this substance might be phytm 
mixed with some carbohydrate and some basic nitrogen body In 
the hope of separating these and to obtain pure compounds the 
substance was treated with barium hydroxide and the resulting 
barium salt purified as follows 

Preparation of the barium salt 

Five grams of the substance were dissolved m 10 cc of water and 
the solution diluted to 200 cc with water Barium hydroxide 
was then added until distinctly alkaline and the mixture heated 
nearly to boihng It was then filtered hot and washed with hot 
water, the filtrate bemg reserved for examination 

The washed barium precipitate was dissolved in just sufficient 
0 5 per cent hydrochloric acid, filtered, agam precipitated with 
barium hydroxide, the resulting precipitate dissolved by the care- 
ful addition of dilute hydrochloric acid and then precipitated by 
the addition of a like volume of alcohol The substance was 
filtered, washed m dilute alcohol, again dissolved m 05 per cent 
hydrochloric acid and precipitated m the same manner as before 
These operations were lepeated four times It was then dissolved 
in the same strength hj dioclilonc acid, precipitated with alcohol, 
filtered, washed m dilute alcohol, ilcohol and ether and dried m 
vacuum oi er sulphuric acid The product w as a perfectly white 
amorphous powder Yield, 3 9 grams 

The substance w is ^lightly soluble in boiling water On cooling, 
however, it does not m-t illize out and on concentrating in vacuum 
it separates in m uuoiphous form Alcohol also produces a 
white amorphous pieupitite \ moils other methods were tried 
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to obtain the substance m crystalline form but without success 
On moist litmus paper it shows a strong acid reaction It was 
free from nitrogen 

As it was found impossible to crystallize the substance it was 
analyzed directly after drying at 130° 

0 2564 gram substance gave 0 0604 gram H O and 0 1314 gram C0 2 

0 2903 gram substance ga\e 0 1544 gram BaSO<and 0 1324 gram Mg P 0) 

Found C,13 97, H, 2 63, P, 12 71, Ba, 31 29 per cent 

Of this substance 1 2124 grams were distilled with 12 per centHCl 
when 0 0053 gram phloroglucid was obtained 

The composition of the above salt is entirely different from that 
of a barium phytate The relation of the numbers found lead to 
the empirical formula, CssHssOMPgBas = 2185, calculated for this 
C =13 73, H = 2 51, P = 12 76, Ba = 31 44 per cent 

Examination of the filtrate from the above compound after precipitat- 
ing vnth barium hydroxide 

The filtrate was of light amber color The excess of barium 
hydroxide was removed with carbon dioxide, filtered and the 
filtrate concentrated on the water bath, again filtered from trace' 
of barium carbonate and then dried in vacuum over sulphuric acid 
There remained a small quantity of a yellowish amber colored, 
somewhat gummy mass It contained a large quantity of nitro- 
gen It did not reduce Fehhng’s solution and gave only a faint 
biuret reaction 

The substance is readily soluble in water and is again precipi 
tated by alcohol but it is not precipitated by tannic acid The 
aqueous solution acidified with nitric acid gives no reaction with 
ammonium molybdate 

After combustion the ash was found to contain potassium, 
sodium and phosphorus When the crude substance is treated by 
the Van Slyke method for ammo nitrogen a small quantity o 
nitrogen is liberated 

Lack of time has prevented the further examination o f this bo y 
and it has not been isolated in pure form 
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Isolation of the free acid from the barium salt 

The barium salt previously described (3 2 grams dry substance) 
was suspended m 100 cc of water and decomposed with a slight 
excess of dilute sulphuric acid, the barium sulphate was removed 
by filtration and the filtrate precipitated with excess of copper 
acetate The copper salt was filtered, thoroughly washed m 
water, suspended m water and decomposed with hydrogen sul- 
phide The copper sulphide was filtered off and the filtrate con- 
centrated m vacuum to small bulk and finally dried m vacuum 
over sulphuric acid until it was of a thick syrupy consistency 
After drying at 100° to constant weight the substance was analyzed 

0 2907 gram substance gave 0 1052 gram H 2 0 and 0 1855 gram C0 2 
0 1787 gram substance gave 0 0642 gram H 2 0 and 0 1144 gram C0 2 
0 1816 gram substance gave 0 1331 gram Mg 2 P 2 C >7 
Found I C, 17 40, H, 4 04, P, 20 43 per cent 
II C, 17 46, H, 4 02 per cent 
These results lead to the empirical formula, C^oHssChsPj 
Calculated for CjoH S5 O i «P t = 1358 C, 17 67, H, 4 05, P, 20 54 per cent 

This compound differs in composition from the barium salt from 
which it was prepared by C5H10O5, 1 e , by the elements of one 
pentose This had probably been spht off m the decomposition 
of the barium salt with the dilute sulphuric acid or else by the 
copper acetate, and if so should be found m the filtrate after the 
copper salt of the acid had been removed The filtrate was there- 
fore examined as follows The copper was removed by hydrogen 
sulphide and the filtrate, after boiling off excess of H 2 S, was pre- 
cipitated with excess of barium hydroxide, filtered, and the barium 
precipitated quantitatively with sulphuric acid and the resulting 
filtrate evaporated to small bulk m vacuum The solution was 
then found to reduce Fehhng’s solution on boiling and ammomacal 
silver nitrate was also reduced Unfortunately the amounf of 
substance obtained was too small to permit further examination 
There is, however, absolutely no doubt that a reducing body, 
probably pentose, was present 

Properties of the free acid, C^oHssCbgPg 

Dried m the desiccator it forms first a light amber colored thick 
syrup which on continued drying forms a thick sticky mass It is 
very soluble m water and also readily soluble in alcohol from which 
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it separates on the addition of ether as a white precipitate ubch 
collects on the sides of the test tube in small oily drops 

The aqueous solution has a strong acid reaction and a pleasant 
sharp acid taste and it gives the following reactions 

Magnesium acetate does not give a precipitate but the addition 
of calcium acetate, barium chloride or alcohol causes in tbs solu- 
tion a white precipitate 

Silver nitrate does not produce any precipitate but the addition 
of alcohol gives a white amorphous precipitate of the silver salt 
It is not precipitated by banum or calcium chlorides but the 
acetates of these metals and their hydroxides give white amorphous 
precipitates which are soluble in acetic and mineral acids 

Feme chloride causes a white precipitate wbch is readily soluble 
in dilute hydrochloric or nitric acids 

The alkali salts are very soluble m water but in these solutions 
salts of the alkaline earths or the heavy metals produce wbte pre- 
cipitates The addition of alcohol also produces white precipitates 
The ordinary molybdate solution doas not give any precipitate 
in dilute solutions of the acid, in concentrated solutions a yellowish 
wbte precipitate is obtained On acidifying with nitric acid and 
heating, the yellow phosphomolybdate is slowly precipitated 
The aqueous solution of the acid is only incompletely precipi- 
tated by magnesia mixture A slight wbte-colored amorphous 
precipitate is obtained but the addition of alcohol produces a vol- 
uminous white precipitate Tbs product is however not a pure 
salt as shown by the following results wbch were obtained on 
analysis of the dried precipitate 


Found Mg, 11 29, N, 2 40, P, 16 45 per cent 


These numbers do not agree with any formula for a pure magne- 
sium ammonium salt of the above acid 

A larger quantity of the banum salt was prepared by treating 
25 grams of the substance with banum hydroxide and punfying the 
barium salt m the same way as before, except that after precipitat- 
ing the dilute hydrochloric acid solution with alcohol the mixture 
was allowed to stand for several days 

After drying at 125° the following results were obtamed on 


analysis 


C, 


12 05, H, 2 46, P, 13 83, Ba, 


32 19 per cent 
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Although the barium is found somewhat low this salt corresponds 
to the penta-barium salt of the acid, Q-oH^O^Pg 

For CjofbsCbsPsBiis = 2035 

Calculated C, 11 79, H 2 21 , P, 13 71 , Ba, 33 76 per cent 

The free acid prepared from this salt by the same method as 
before gave the following results on analysis after previously dry- 
ing at 130° 

I C, 16 91, H, 3 96, P, 20 88 per cent 
II C, 16 91, H, 3 84 per cent 

It appears then that the substance, C 25 H 65 O 54 P 9 , is very sensi- 
tive to acids and that when it is kept m contact with even dilute 
acids for any length of time the elements of one pentose, CeHioOe, 
are spht off 

Brucine salt of the acid, CgoIbsO^Pg 

While it was impossible to obtain any crystalline salts of the 
above acid with inorganic bases it gave a crystalline brucine salt 
of the formula O? 0 1 1 5 5 0 4 9 P 9 ( C 2 3 Hs 6 0 4 N 2 ) 1 0 "f- 30 H 2 O 
About 1 gram of the acid was dissolved in a small quantity of 
■water and brucine was then added until the solution showed a 
slight alkaline reaction After diluting the solution with 150 cc 
of alcohol and 30 cc of chloroform, ether was added until a slight 
permanent turbidity remained On standing for several days at 
room temperature m a well closed Erlenmeyer flask the substance 
separated slowly m long white silky needle-shaped crystals 

In the absence of chloroform or in more concentrated solutions 
only amorphous white precipitates are obtained 
The crystals were filtered off and washed m a mixture containing 
equal parts of alcohol and ether and finally m ether and dried m the 
air Yield, about 0 5 gram 

The substance is very soluble in water, readily soluble m alcohol 
but insoluble m ether or chloroform 

Heated m a capillary tube the substance melts at 196°-198° but 
the melting point is not sharp On moist litmus paper it shows a 
strong acid reaction It loses weight on drying corresponding to 
30 H 2 0 The dried substance was analyzed 
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0 1364 gram substance lost 0 0124 gram H s O and 0 1308 gram substance 
lost 0 0118 gram H 2 0 

0 1240 gram substance gave 0 0694 gram H 2 0 and 0 2557 gram COj 

0 1383 gram substance gave 0 0233 gram Mg P 2 0 7 

0 1190 gram substance gave 6 1 cc of nitrogen at 16° and 746 mm 

For CsoH&sOiflPj (CjsHsbOiNj )] 0 = 5298 

Calculated C, 56 62, H, 5 94, P, 5 26, N, 5 28 per cent 

Found C 56 24, H, 6 26, P, 4 69, N, 5 86 per cent 

Calculated for 30 H 2 0 9 24 per cent, found 9 09 and 9 02 per cent 

Action of dilute sulphuric acid on the barium salt, CsoH^OigPoBas 

Five grams of the air-dned salt were boiled for one hour under a 
reflux condenser with 100 cc of % H2SO4 The reaction mixture 
was precipitated with slight excess of banum hydroxide, filtered and 
washed with water The filtrate was examined as mentioned 
below 

The barium precipitate was shaken up with 300 cc of 0 5 per 
cent hydrochloric acid and the insoluble portion filtered off To 
the filtrate was added an equal volume of alcohol and the white 
flocculent precipitate filtered off and washed m dilute alcohol It 
was again dissolved m 0 5 per cent hydrochloric acid, precipitated 
with alcohol, filtered, washed free of hydrochloric acid with dilute 
alcohol and then m alcohol and ether and dried m vacuum over 
sulphuric acid Yield, 2 grams The product was a white amor- 
phous powder After drying at 120° the following results were 
obtained on analysis 

Found C, 11 64, H, 2 25, P, 13 95, Ba, 33 26 per cent 

This corresponds exactly with the composition of the substance 
before treatment with ” H2SO4 It is apparent therefore that no 
partial decomposition takes place 

Examination of the filtrate from above 

The excess of barium hydroxide was removed with carbon diox- 
ide and, after filtering, the filtrate was concentrated in vacuum at 
a temperature of 35°-40° to small bulk, again filtered and finally 
dried m vacuum over sulphuric acid There remained 0 08 gram 
of a shghtly amber colored amorphous mass, of weak acid reaction 
on litmus paper and a shghtly acid taste The aqueous so u ion 
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reduced Fehling’s solution strongly on boiling and it also gave the 
orcme and phloroglucme reactions The small quantity of the 
substance prevented any further examination 
In another case 2 5 grams of the same barium salt were boiled 
with 100 cc of H2SO4 under a reflux condenser for ten hours 
After treating m the same way as- above 0 3 gram of unchanged 
substance was obtained and the filtrate showed exactly the same 
properties as mentioned above Attempts to isolate mosite failed 

Preparation of mosite from the banum salt, CsoH^CVjPgBas 

Of the same barium salt 2 73 grams and 20 cc of 5n H2SO4 were 
heated in a sealed tilbe for three hours to 160° There was no 
pressure noticeable on opening the tube Some free carbon had 
separated and the solution was of light brown color The neutral- 
ized solution did not reduce Fehlmg-’s solution The mosite was 
isolated m the usual way and after recrystalhzing from dilute alco- 
hol and ether was obtained in needle-shaped crystals, free from 
water of crystallization It gave the reaction of Scherer and 
melted at 220 5° (uncorrected) which leaves no doubt but that the 
substance was pure mosite Yield, 0 73 gram, which is equal to 
90 per cent of the total carbon present m the barium salt used 
The air-dried substance was analyzed 

0 1649 gram substance gave 0 1038 gram HjO and 0 2406 gram C0 2 
0 1323 gram substance gave 0 0815 gram HjO and 0 1931 gram COi 
For C«H,(OH)« = 180 
Calculated C, 40 00, H, 6 66 per cent 
Found C, 39 80, H, 7 04 per cent 
C, 39 80, H, 6 89 per cent 

The 0 2 per cent hydrochloric acid extract of bran contains 
some dissolved proteins On precipitating with alcohol these are 
thrown down together with the phosphorus compounds Their 
presence makes the subsequent purification difficult, espeeialfy 
the filtrations, because the proteins have been rendered more or 
less insoluble and form a fine slimy mass which clogs the filter paper 
to such an extent as to make filtration evert by suction extremely 
tedious 

In order to obviate this, the suggestion was made by Dr Jordan 
to first precipitate the bran extract with tannic acid 
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The addition of tannic acid was found to cause a voluminous 
and very fine precipitate which after standing a short time becomes 
coarser and may then be easily removed by simple filtration The 
resulting filtrate is nearly colorless or of light amber color Alcohol 
produces in this solution a nearly colorless precipitate which is 
much more easily purified than the product obtained without first 
precipitating with tannic acid 

With only this modification some of the substance was prepared 
from wheat bran It was found, however, to differ slightly in com- 
position from that obtained by the first method On analysis the 
following results were obtamed 

C, 19 51, H, 3 09, P, 15 23, Ca, 0 38, Mg, 7 35, K, 2 75, N, 0 57 per cent 

On treating this substance with banum hydroxide and purifying 
the resulting precipitate m the same way as before, the same barium 
salt was obtamed 

For C ^HssOfiiPsBas = 2184 

Calculated C, 13 73, H, 2 51, P, 12 76, Ba, 31 44 per cent 

Found C, 13 00, H, 2 46, P, 12 47, Ba, 33 00 per cent 

The difference m composition of the crude substance must 
therefore be due to the smaller amount of the nitrogen-containing 
body which this preparation was found to hold In the analysis of 
the crude substance only 0 57 per cent nitrogen was found, whereas 
the first preparation had four times, and the second preparation 
two times as much 

Isolation of the substance as a banum salt directly from the bran 

extract 

The bran was digested with 0 2 per cent hydrochloric acid over 
night The strained extract was precipitated with tannic acid, 
filtered and a solution of banum chloride added which caused a 
small precipitate to separate An equal volume of alcohol was 
then added After settlmg, the precipitate was filtered and puri- 
fied as follows The silbstance was dissolved in 0 5 per cent hydro- 
chlonc acid, precipitated with barium hydroxide in excess, filtere , 
again dissolved m the same strength hydrochloric acid and then 
precipitated with alcohol It was then precipitated a secon 
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time with barium hydroxide and after that precipitated from 0 5 
per cent hydrochloric acid with alcohol until the product did not 
give any reaction with ammonium molybdate 
A white amorphous powder vas finally obtained On moist 
litmus paper it showed a strong acid reaction After drying at 105° 
in vacuum over phosphorus pentoxide it was analyzed 

0 2S70 gram substance gave 0 0630 gram HjO and 0 158 4 gram COj 
0 3000 gram substance gai e 0 0653 gram H.O and 0 1700 gram COj 
0 2032 gram substance gave 0 1437 gram BaSO» and 0 1020 gram Mg 2 P O7 
Found I C, 15 05, H, 2 45, P, 10 80, Ba, 32 12 per cent 
II C, 15 12, H, 2 38 per cent 

Distilled with 12 per cent HC1, 0 4736 gram substance gave 0 0071 gram 
phloroglucid 

As will be noticed this compound contains a considerably larger 
percentage of carbon than any of the previous preparations and a 
correspondingly low percentage of phosphorus Calculated on the 
same basis as before, it would correspond to a molecule with C, 
30 or 32 By acting upon this compound with dilute sulphuric 
acid some reducing body is split off and the salt, GzsHesOMpgBas, 
results, identical with that obtamed in the first case from the 
crude substance 

One gram of the above barium salt was digested for about ten 
minutes with 20 cc of normal sulphuric acid and heated nearly to 
boiling It was then precipitated with excess of barium hydroxide 
and filtered 

The filtrate was freed from excess of barium hydroxide with 
carbon dioxide, filtered, and evaporated to small bulk and again 
filtered It was then found to reduce Fehhng’s solution strongly 
on boiling and to give the orcme and phloroglucme reactions, show- 
ing conclusively that a reducing body of some land had been split 
off by the action of the sulphuric acid 

The barium precipitate from the above was shaken up with a 
small quantity of 0 5 per cent hydrochloric acid, filtered and the 
filtrate precipitated by adding an equal volume of alcohol After 
again precipitating m the same manner the substance was filtered, 
washed m dilute alcohol, alcohol and ether and dried m vacuum 
over sulphuric acid The substance weighed 0 45 gram For analy- 
sis it was dried at 105° m vacuum over phosphorus pentoxide 
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0 2326 gram substance gave 0 0525 gram H 2 0 and 0 1208 gram COs 
0 1859 gram substance gave 0 1009 gram BaS0< and 0 0804 gram MgjPjO? 
Found C, 14 16, H, 2 52, P, 12 05, Ba, 31 94 per cent 
Calculated for CjsHssOHjPjBas = 2184 

C, 13 73, H, 2 51, P, 12 76, Ba, 31 44 per cent 

This substance is therefore identical with the banum salt pre- 
pared from the previously isolated crude compound 

We are planning to carry out a complete investigation concern- 
ing this organic phosphonc acid of wheat bran and its cleavage 
products It is desired especially to isolate and identify the reduc- 
ing bodies formed on cleavage with dilute acid We also wish to 
take up the study of the nitrogen-containing substance and beg 
to reserve the further investigation of these bodies 



STUDIES IN BACTERIAL METABOLISM V 

Bt ARTHUR I KENDALL and CHESTER J FAR MER 

( Prom the Laboratories of Biological Chemistry and Preventive Medicine and 
Hygiene, Harvard Medical School ) 

(Received for publication, July 30, 1912 ) 

Of the organisms investigated in this series, the Flexner and 
Shiga types of the dysentery bacillus, Bacillus typhosus “A” and 
Paratyphoid a need no comment, the analytical results are strik- 
ingly similar to those previously described with the same species 
of bacteria, but with different strains 1 The object of studying 
different strains of the same bacillus from different sources is to 
confirm our idea that the growth curves should be very similar 
Such appears to be the case 

B alcalzgenes is an organism belonging to the typhoid-dysen- 
tery group, it differs culturally from these bacteria chiefly because 
it ferments no sugars The ammonia formation of B alcaligenes 
is qualitatively and quantitatively like the other members of the 
group m sugar-free broth The reaction in sugar-free broth is 
also practically the same In sugar-containing broth, the reaction 
and ammonia formation is parallel to that in broth containing no 
carbohydrate This is to be expected, and m a measure this find- 
ing is evidence of the correctness of the hypothesis that “fermen- 
tation takes precedence over putrefaction ” The bacillus cannot 
attack sugar, hence the sugar acts as a for&gn body, taking no 
part in the metabolic processes of this organism 

Cholera “Hamburg’' is a typical cholera vibrio which has been 
on artificial media for several years It is not as active proteo- 
lytically as the “Cholera Boston” culture, but it is nevertheless a 
strong ammonia producer The same sparing action of sugar for 
protein is exhibited by the Hamburg culture as was the case with 
the Boston culture 

Typhoid “M” was obtamed from an mtermittent typhoid carrier 

1 This Journal, xu, pp 13, 19, 215, 219, 1912 

4 GS 
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bf' five years’ standing Prior to the isolation of this organism no 
suspicion of harboring typhoid bacilli was attached to the patient, 
and no history of secondary cases attributable to him can be 
obtamed Repeated examinations failed to reveal typhoid bacilli 
before or after the isolation of the stram studied here The organ- 
ism is typical culturally and morphologically and agglutinates 
promptly at a dilution of 1 to 3200 with a specific serum The 
shght irregularities m the growth curve are partly accounted 
for by the fact that the organism was freshly isolated, having been 
on artificial media but ten days before it was studied The cul- 
ture was of undoubted purity The general type of growth curve 
is hke that of the other strains of B typhosus studied in this senes 
of experiments 

Paratyphoid “y 18” deserves special mention it will be seen that 
this bacillus broke down a considerable amount of protein even m 
the presence of dextrose which it could use, more so than any organ- 
ism previously descnbed by us We believe that this bacillususes 
up dextrose very rapidly, and that the continually decreasmg 
residual amount of dextrose m the medium is insufficient to fully 
meet the metabolic requirements of the rapidly growing bacilli 
This forces them to utilize protem not only for structural purposes, 
but partly at least for fuel as well Further experiments are in 
progress to elucidate this phenomenon 

B cloacae also breaks down protem rather rapidly m the presence 
of dextrose The reaction curve of this orgamsm is instructive, 
at first the reaction is distinctly acid, but m a short tune the reac- 
tion becomes alkahne, and the alkalinity progressively increases 
We believe that this orgamsm, m common with Paratyphoid 1 
18,” utilizes dextrose with great rapidity, and that the amount of 
dextrose present in our media (1 per cent) is not large enough to 
furnish energy except for the first days of growth 

H-61 has been descnbed before 2 The diminution of ammonia 
content, which we have designated as the “negative ammonia 
phase” is stnkmgly shown m the table, more than 30 per cent of t e 
ammonia onginally present m the medium has disappeared at t e 
end of eight days This negative ammonia phase is seen in t e 
early days of growth in several organisms descnbed previous y , 
although in much less active form 


* This Journal, xu, p 19, 1912 
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Control 


Broth E 




DEXTROSE BROTH 


24 50 11 671—0 50 24 50 11 67 -0 50 


B Cloaca; 


1 28 00 13 35 -0 25 26 95 12 80+1 00 

3 30 45 14 50 - 0 75 26 60 12 65 -0 25 

5 36 40 17 30 -1 25 30 45 14 50 -1 05 

8 38 50 18 50 -1 50 36 05' 17 20 -1 25 


Cholera Hamburg 


1 27 65 13 15 -0 50 25 90 12 35 +0 50 

3 37 45 17 80 0 00 26 25 12 50+1 25 

5 34 65 16 50 -1 50 29 75; 14 20 +2 25 

8 50 75 24 20 - 2 75 28 00, 13 35 +2 25 


Paratyphoid "y 18” 


1 36 75 17 50 -0 25 36 75 17 50 +0 75 

3 36 75 17 50, 0 00 37 75 18 00 +2 25 

5 36 05 17 20 -1 00 36 05 17 20 +2 50 

8 37 80 IS 00 - 2 00 36 05 17 20 +2 25 


Typhoid “M” (Typhoid carrier) 


1 26 95 12 80 -0 50 26 25 12 50+1 75 
3 26 95 12 80 -0 50 28 00 13 35+1 75 
5 26 60 12 70 -2 00 27 65 13 15 +2 25 
8 28 00 13 35 —1 50 27 05 12 90+2 75 


B dysentenae, ‘‘Fle\ner” 


25 90 12 30 -0 25 25 55 12 15|+1 75 

25 90 12 30 0 00 27 05| 12 30|+2 25 

27 30i 13 00 - 0 25 27 30 12 90 +2 50 

27 65 13 15 -1 00 26 95 12 80 +2 50 


B alcnhgenes 


1 28 35 13 50 - 0 50 27 65 13 15 -0 50 

3 28 70 13 65 - 0 50 29 05 13 80-1 50 

5 32 55 15 50 -2 00 31 50 15 00-1 75 

8 33 25 15 S0 -1 50 32 90 15 70 -1 25 


1 27 30 13 00-0 50 26 95 12 80-0 50 

3 28 00[ 13 30 -0 50 26 95| 12 80+2 50 

5 28 70 13 65 -0 75 26 95 12 80 +2 50 

8 29 05 13 80 -1 25 27 30 13 00 +3 25 


28 00 13 30 -0 50 26 95 12 S0+2 50 


Typhoid “A” 




468 


bacterial Metabolism 


T^BLE 1— Continued 



H-61 


B dysentenae, ''Shiga” 


Paratyphoid a 


Reaction 





STUDIES m BACTERIAL METABOLISM VI 

By ARTHUR I KENDALL and CHESTER J FARMER 

( From the Laboratories of Biological Chemistry and Preventive Medicine and 
Hygiene, Harvard Medical School ) 

(Received for publication, July 30, 1912 ) 

B typhosus and B dysenleriae (Shiga type) are strains of these 
organisms not previously studied by us Their growth curves 
are practically identical with those of other strains described pre- 
t’lonsly 1 The table shown indicates not only th$ ammonia and 
reaction curves in sugar and sugar-free broth respectively, but 
the daily rate of metabolism of dextrose The Shiga bacillus 
shows very distinctly the formation of acid in sugar-free broth, 
referred to in our last communications 2 The explanation for 
this acid formation has been formulated in the fourth article of 
our senes 3 and needs no further comment here 
B cloacae, I and II, show the same initial acidity, followed by a 
quick return to alkalinity as did the strain descnbed in the preced- 
ing communication of this series On the third day the reaction 
was strongly alkaline The rate of decomposition of sugar by 
these bacteria, amounting to about 75 per cent (of which 63 per 
cent was used up the first twenty-four hours), explains the reason 
for this terminal alkaline reaction, the findings are m accord with 
the opinion expressed m the previous communication upon this 
phenomenon 

Paratyphoid 7 16 and 4 are strains similar culturally to Para- 
typhoid 7 18 descnbed previously They produce considerable 
amounts of ammonia, even m the presence of dextrose, thus agree- 
ing essentially with the strain mentioned above in this respect 
The reaction, however, becomes progressively acid i ■ 

1 This Journal, xu, pp 13, 19, 215, 219, 1912 

s Ibid , xu, p 215, 1912 

’ Ibid , xu, p 219 1912 
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term grow with unusual rapidity, and it is possible that the rapidity 
of growth necessitates a considerable amount of protein breakdown 
to supply the necessary nitrogen for structural purposes These 
strains also utilize about 72 per cent of the dextrose of the medium 
This utilization of dextrose suggests a large fuel requirement, the 
rather uniform breakdown of the sugar contrastmg m this respect 
with the large initial breakdown of dextrose in the case of the vari- 
ous strains of B cloacae , where, it will be remembered, the break- 
down of sugar was largely within the first twenty-four hours of 
growth In the case of Paratyphoid y, we are inclined to believe 
that the utilization of dextrose is far less per unit time per organism 
than is the case with the various strains of B cloacae, where the 
sugar largely disappears within the first day of growth, forcing the 
bacteria to derive at least part of their fuel from nitrogenous 
products 




THE ROLE OF GLIADIN IN NUTRITION 1 

By THOMAS B OSBORNE and LAFAYETTE B MENDEL, 

With the Co&peration of Edna L Ferry 

( From the Laboratories of the Connecticut Agricultural Experiment Station 
and the Sheffield Laboratory of Yale University, New Haven, Connecticut ) 

(Received for publication, July 31, 1912 ) 

Our notions regarding the relation of the food proteins to tissue 
proteins, and the role of proteins in nutrition have experienced 
radical changes m recent years Side by side with the increasing 
evidence of distinct structural differences between the albuminous 
compounds of different origin and the chemical dissimilarity which 
may even characterize two proteins derived from a common source, 
such as some particular seed, has arisen the well founded conviction 
that it is impossible to develop marked changes m the character 
of the tissues of animals correlated with the character of the food 
mgested Whatever may be the source, or chemical make-up, of 
the latter previous to its mi olvement in the nutritive processes, 
the resulting tissue cells and fluids remain characteristic and 
specific for the species “Der Artcharakter wird durch die Art 
der Emahrung mcht beemflusst” (Abderhalden) 

How this possibility of the fixity of the tissues m the midst of 
diversity of food types results is made apparent by the newer 
knowledge respecting the role of digestion m nutrition The 
structural peculiarities which determine the individuality of the 
proteins are lost by the digestive process, hence we have ultimately 
to deal with the fragments of the original complexes in the problems 
pertaining to nutrition Our food stuffs are currently assumed to 
leave the alimentary tract largely, if not entirely, m the form of 

1 The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Washing- 
ton 

473 


THE JO UBNAL OF BIOLOGICAL CHEMISTRY VOL XU NO 3 



474 


Gliadm in Nutrition 


the so-called ammo-acid “Bausteme ” It is these which become 
our immediate concern m the intermediary problems of metabo- 
lism that result in the construction or renewal of the specific body 
protein Quoting Abderhalden “Unsere Korperzellen erfahren 
memals, welcher Art die aufgenommene Nahrung war ” 

In the organism proper the proteins, as such, may be responsible 
for various physiological functions “At present we cannot fully 
comprehend the role of the proteins, but we must assume that 
many of the enigmatical properties of living matter depend on 
this activity of intact protein molecules We can obtain some 
idea of the possible variety m the combinations of the protein 
Bausteme by recalling the fact that they are as numerous as the 
letters in the alphabet which are capable of expressing an infinite 
number of thoughts Every peculiarity of species and every 
occurrence affecting the individual may be indicated by special 
combinations of protein Bausteme, that is to say by specific pro- 
teins Consequently we may readily understand how peculiarity 
of species may find expression in the chemical nature of the pro- 
teins constituting living matter, and how they may be transmitted 
through the material contained m the generative cells ” 2 As one 
of us has written earlier “The results of my work have shown 
that no tw o seeds are alike m their protein constituents, and that 
those proteins which appear to be alike are found only in seeds 
that are botamcally closely related As I have elsewhere pointed 
out, it would seem that these differences m the reserve food sub- 
stances of the endosperm must have an important bearing on the 
character of the developing embryu which derives its first food 
from them This food substance, and the embryo as well, are 
the final products of the senes of chemical changes which led to 
their formation When the embryo begins its development it 
finds at hand a definite food, which for each individual of the same 
species is the same, but for the individuals of different species is 
different Each member of a species begins its independent 1 e 
under similar chemical conditions, but under chemical conditions 
which are different from those of every other species f en ’ 
therefore, each individual plant reaches that<stage of developmen 
at which its organs of a c simi!ation are able to furnish it wit nu n 

’Kossel Lectures on the Herter Foundation The Proteins J 
Hophins Hospital Bulletin, xxm, p 76, 1912 
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ment from its external surroundings, it is highly probable that 
its chemical processes have already been established along definite 
lmes which it must follow throughout the rest of its life ” 3 

In the preliminary processes of metabolism, however, the char- 
acter of the ammo-acid fragments apparentlyassumes a dominating 
importance The modem chemistry of the proteins has dis- 
closed the fact that the variations between the different albumi- 
nous compounds in respect to their Bausteme may be both quanti- 
tative and qualitative m character This has raised the question 
of the relative physiological value of unlike proteins “The fact 
that so many of the vegetable proteins, which serve extensively 
as food, have been shown, by our present investigation, to yneld 
such different proportions of the various nitrogenous decomposi- 
tion products, as compared with the animal proteins, makes it 
a matter of the greatest interest and importance to know some- 
thing more of the processes involved in this synthesis ”* 

Whether protein can be suitably utilized when administered 
in its completely digested or abmret form as well as m its natural 
condition need not concern us here, since the possibility of main- 
taining individuals m satisfactory nutritive balance, at least for 
a not inconsiderable time, on an intake made up exclusively of 
Bausteme has been demonstrated It would seem, therefore, as 
if the problem of replacing the larger protein complexes by their 
elementary constituent fragments had been to a certain extent 
solved ° If we assume, m harmony with some of the prevailing 
views of metabolism, and notably that supported by Abderhalden, 
that the animal must construct its tissue proteins from the ammo- 
acid fragments which are furnished by protein hydrolysis, it is 
obvious that deficiencies in quantity m the Bausteme or a lack 
of one or more of them must lead to serious nutritive disturbances 
The chemical fixity of the tissues under widely differing nutrient 
environment points m the same direction Abderhalden has 
maintained that, so long as there is no evidence that amino-acids 
can readily experience a transformation into one another m the 
organism, the extent of protein construction m the body must be 

3 Osborne Proc Soc Exp Biol and Med , v, p 105, 190S 

4 Osborne and Harris Jour Amer Chem Soc, \xv, p 323, 1903 

5 Cf Abderhalden Synthese der Zellbauslnne in Pflanze und Tier, 
Berlin, 1912 
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limited by the ammo-acid which is present in the smallest relative 
amount m our intake The fact that certain proteins, such as 
gelatin and zem, which are notably defective m respect to the 
number of the ammo-acids which they yield, are unable by them- 
selves to promote nutritive equilibrium and supply the nitrogenous 
needs of the diet might be quoted m support of the views mentioned 
above If Abderhalden’s hypothesis regarding the nature of protein 
metabolism is correct it follows that those food proteins which 
approach most nearly to the tissue proteins m their amino-acid 
make-up should most easily supply the protein needs of the animal 
Michaud 6 has undertaken to demonstrate, in accord with this, 
that the protein minimum of dogs can be maintained at a loner 
level when the intake is m the form of dog tissue than in the form 
of proteins differing widely therefrom m their chemical make-up, 
yet the investigations heretofore recorded with these proteins lead 
to the belief that they are, at least to some degree, utihzed as food 
by the animal, even when they are fed as the sole source of nitrogen 
Some of these proteins lacking one or more of the cleavage prod- 
ucts known to be necessary for the formation of the proteins of 
the ammal body are of relatively high efficiency in preventing 
loss of body nitrogen due to endogenous metabolism, although 
they are insufficient for growth 7 It is evident that “the processes 
of replacmg nitrogen degraded m cellular metabolism are not of 
the same character as the processes of growth It geems also 
to be a necessary conclusion that the processes of cellular cata- 
bolism and repair do not represent a senes of chemical changes 
involving the destruction and reconstruction of an entire protein 
molecule ” 8 Regarding the necessity of distinguishing carefull) 
between maintenance, repair and growth in nutrition we shall 
have more to say later Undoubtedly the failure to bear these 
distinctions m mind has led to much confusion in the past Fur- 
thermore, investigators have heretofore been so largely concerned 
with the functions of proteins as a whole m important biological 
processes that the possibility of their individual participation 

‘Michaud Zeilschr f physiol Chem , hx, p 405, 1909, cf also Frank 
and Schittenhelm t&id , Ixx, p 99, 1910, Ixxm, p 157, 1911 

7 Cf Osborne and Mendel Carnegie Institution of Washington, u 
cation 156, pt h, 1911, also Zeilschr f physiol Chem , 1912 (in press 

‘McCollum Amer Joum of Physiol, xxix, p 215, 1911 
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and use has been generally overlooked As Kossel has lately 
said “Hitherto the appearance of protein Bausteine m the living 
organism has always been ascribed to protein decomposition 
But this supposition is unjustified We must rather assume that 
these Bausteme may appear and disappear m the body without 
at any time forming part of a protem molecule And further we 
may suppose that only under certain circumstances, for defimte 
physiological purposes, are these independent groups stored m a 
collected form — the protem substances ” 9 

Attempts have been made at various times m the past to perfect 
the so-called abnormal or incomplete proteins by adding to them 
in the diet one or more ammo-acids which are known to be lacking 
from the complex This is true of studies made with gelatin — 
which yields no tyrosine, tryptophane or cystine — and with zein,— 
a protem which yields no tryptophane, and from which no lysme 
or glycocoll can be obtained These trials have, all m all, not 
been very satisfactory Other experiments m which an ammo- 
acid, such as tryptophane, has been intentionally eliminated from 
the food mixture have speedily exhibited a nutritive defect m 
the dietary In any event it seems clear, from such evidence as 
is available at the present time, that the cyclic compounds, tyro- 
sine, phenylalanine, histidine and tryptophane, are indispensable 
for the welfare of the organism Indeed W A Osborne has 
expressed the view that the essential difference between the animal 
and the plant organism lies in their respective abihty or inability 
to synthesize substances of the cyclic type Cyclopoiesis, accord- 
ing to him, is a property exhibited solely by the vegetable 
organism 

Are the other ammo-acids equally indispensable? At the 
present moment it is impossible to give any defimte answer to 
the question as to whether an ammo-acid like leucme, for example, 
can be replaced by alanine, or any other closely related form In 
one case, m any event, the possibility of a synthesis of an ammo- 
acid de novo m the animal organism has been admitted Prolonged 
feeding experiments with casern from which glycocoll has not 
been obtained, as well as the enormous production of glycocoll 
for the hippuric acid synthesis after the administration of benzoic 

’Kossel Lectures on the Herter Foundation The Proteins Johns 
Hopktns Hospital Bulletin, win, p 76, 1912 
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acid 10 — a production out of all proportion to the assumed content 
of preformed glycocoll m the food intake, or the body tissues 
themselves — leave little doubt of the capacity of the animal 
cell to synthesize at least one ammo-acid 
For evidence of the formation of ammo-acids more complex 
than glycocoll, the recorded expenments with gliadin must be 
taken mto consideration This substance, an alcohol-soluble pro- 
tein of the prolamine type, possesses a special mterest m that it 
yields so little of the diammo-acid, lysme, as well as of glycocoll, 
that these have not heretofore been obtamed from it by the usual 
analytical methods It furthermore contains a relatively small 
proportion of both arginine and histidine, and extremely large 
proportions of glutammic acid and ammonia yielding groups 
Its ready digestibility has been demonstrated repeatedly 11 m 
contrast to the greater resistance of the “abnormal” protein zem 
Hennques 12 reported that he kept rats m nitrogenous equilibrium 
on a diet in which gliadin constituted the sole form of nitrogenous 
intake, although he failed when the tryptophane-free zem was used 
Abderhalden and Funk 13 were similarly successful with gliadin 
fed to dogs They state, however, that m one case the preparation 
of gliadm fed by them contained 0 35 per cent of lysme, and they 
intimate that the nutritive equilibrium secured by Hennques on 


a diet containing gliadm as the sole protein was due to an impure 
preparation The question of lysme synthesis m the body is 
expressed by Rona 11 as follows “Das Problem is also durch 


die Versuche von Hennques noch mcht gelost, hmgegen sprechen 
alle unsere Erfahrungen dafur dass die Anunosauren, Glykokoll 
ausgenommen, im Orgamsmus mcht neugebildet werden ” hi 
other expenments Hennques and Hansen 15 have stated that 
they were able to get rats mto a state of nitrogenous equilibrium 
on a diet containing the nitrogen solely m the form of the mono- 
ammo fraction of a digest Here too, as m the experiments with 


10 Cf Magnus-Levy Biochcjn Zeilschr , vi, p 523, 1907, Rmger t is 
Journal, x, p 327, 1911, Epstein and Bookman ibid , x, p 353, 1911 

11 Cf Mendel and Fine this Journal, x, p 303, 1911 
11 Hennques Zcitschr f physiol Chem , lx, p 105, 1909 
u Abderhalden and Funk t bid , lx, p 418, 1909 

“Rona Oppenheuner’s Handbuch der Biochemie, n , pt i,P 
“Hennques and Hansen Zeilschr f physiol Chcnt , xlm, p • ’ 


and xhx, p 113, 1906 
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gliadm, a synthesis of nitrogenous compounds of the type precipi- 
table by phosphotungstic acid must be assumed if the nutritive 
equilibrium of the experimental animals was at all adequate It 
will be seen, therefore, that the problem of di-amino synthesis 
has heretofore largely hinged upon the validity of the work of 
Hennques 

The situation has been summed up by Rona m these words 
“Vorlaufig mussen wir also daran festhalten, da c s erne TJeber- 
fuhrung emer Ammosaure m eme andere, bezw erne Neubildung 
emer Ammosaure (Glykokoll ausgenommen) 1 m tienschen Organ- 
ismus mcht stattfindet ” 16 

EXPERIMENTAL PART 

Employing the methods which we have developed m recent 
years in connection with our feeding experiments with isolated 
food substances 17 we have accumulated a large number of data 
which refer directly to the nutrient r61e of gliadm m the animal 
organism Inasmuch as we have succeeded, by the application 
of care m the management of the rats, by furnishing suitable 
hygienic environment and appropriately selected diet, m main- 
taining these animals in good nutritive condition on mixtures of 
isolated food stuffs over periods of more than 500 days, we believe 
that some of the criticisms which have been aimed at experiments 
earned out on rats are thereby met The guiding considerations 
which have led to the special proportions of nutrients, etc , m the 
food mixtures reported below have been discussed m some detail 
m our previous publications 18 The upshot of our trials has been 
the demonstration that the ghadms of wheat and rye, as well as 
the closely related alcohol-soluble hordem of barley — all of which 
are similar m the proportion of their Bausteme — suffice for the 
maintenance of rats without growth 


111 Rona Oppenheimer's Handbuck dcr Biochemxe, iv, pt i, p 550 

17 Osborne and Mendel Carnegie Institution of Washington, Publi- 
cation 156, pts i and ii, 1911, Zeitschr f biol Techmh u Methodik, n, p 
313, 1912, and Zeitschr f physiol Chem , 1912 (m press) 

18 Osborne and Mendel Carnegie Institution of Washington, Publi- 
cation 156, pt n,1911, Science, N S , xxxiv, p 722,1911, Zeitschr f physiol 
Chem , 1912 (in press) 
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Preparation and composition of gliadin 

The gliadin used for these feeding experiments was made from 
very thoroughly washed wheat gluten from which all proteoses 
and other water-soluble proteins had been removed as completely 
as possible The alcoholic extract of this gluten was filtered water- 
clear, thereby separating any suspended glutemn or other proteins 
insoluble in. 70 per cent alcohol After concentratmg the alcoholic 
extract the residual gliadin was dissolved m alcohol, and its solution 
poured m a thm stream into a very large volume of cold water, 
thereby removing any water-soluble substance which might possi- 
bly be set free when the gluten was dissolved The precipitated 
gliadm was again dissolvedmalcohol, and its syrupy solution poured 
into a very large quantity of absolute alcohol, and thus precipitated 
as a coherent mass This was then digested with fresh quanti- 
ties of absolute alcohol, and finally with ether and was easily 
reduced to a powder After drying m the air, the gbadm thus ob- 
tained formed a snow white powder which was completely soluble 
m 70 per cent alcohol It is d fficult to see how gliadin, thus 
prepared, can contam any other proteins than those soluble in 
alcohol, or how any purer preparation could be made 

As it was of the greatest importance to know whether or not 
this gliadm was entirely free from lysme, we made a very careful 
examination of two portions of 100 grams each, according to the 
method of Kossel and Kutscher, with which we have had extensive 
experience The result was m each case entirely negative, corre- 
sponding with our earlier experience, as well as with that of Kossel 
and Kutscher and of Abderhalden However, in view of the rela- 
tn ely considerable precipitate produced by phosphotungstic acid, it 
seemed possible that some lysme might be contained therein, under 
conditions which rendered its separation as the picrate difficult 
This seemed the more probable m view of our previous experience 
m attempting to isolate lysme as the picrate directly from t e 
products of the hydrolysis of casern In this attempt we obtame 
less than one-half as much as by Kossel and Kutscher s met 0 , 
thus showing the effect of the presence of other ammo-acids 
We accordingly made renewed efforts to obtain lysine picra e 
from our solutions In one case fractional precipitat on 
phosphotungstic acid was employed without success In t e 0 
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case the alcoholic solution to which picric acid had been added was 
divided into two parts, one of which was allowed to evaporate 
slowly until nearly dry The semicrystalline residue was extracted 
with alcohol The insoluble residue when recrystallized gave 0 2 
gram of lysine picrate The other half of the solution was neutral- 
ized with acetic acid and allowed to evaporate slowly until a 
considerable quantity of free amino-acids separated These v ere 
filtered out and washed with alcohol The alcohohc filtrate was 
neutralized with sodium hydroxide and treated with sodium 
picrate, whereupon a small precipitate of lysme picrate formed, 
which when recrystallized weighed 0 23 gram We thus obtained 
0 43 gram of lysine picrate from 100 grams of ghadm correspond- 
ing to 0 15 per cent of lysme m this preparation 

Whether or not this represents all of the lysine m this ghadm 
cannot, of course, be determined, but our previous experience 
with casein has convinced us that it is very difficult to separate 
all of the lysme picrate from solutions containing other ammo- 
acids Whether the presence of this lysine is to be ascribed to 
contamination of our preparation of ghadm with other proteins, 
or to the presence of a small amount of lysine m ghadm, is likewise 
difficult to determine All we can say is that we do not know hou 
any purer preparation of the substance heretofore known as 
ghadm can be made, and our present opinion is that future in- 
vestigations will show that ghadm does in fact yield a little lysine. 

The question is, therefore, raised can the absence of any ammo- 
acid from any protem be assumed solely because it cannot be 
separated by direct crystallization? In our opinion it cannot be 
so assumed The known difficulty encountered m trying to thus 
separate all of any of the ammo-acids from mixtures of them sup- 
ports this view, as does also the experience of Osborne and Jones 
and the more recent experience of Abderhalden Both of these 
investigations showed that less than one-half the glycocoll, alanme 
or aspartic acid could be recovered from mixtures containing known 
quantities of pure amino-acids 

Whether or not ghadm is actually deficient m glycocoll or 
lysine, we do know from incontrovertible evidence that it yields 
relatively very httle glycocoll, arginine, histidine or lysme and ex- 
tremely large quantities of glutammic acid, prohne and ammonia 
Ghadm, therefore, has a unique constitution, very different from 
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• the tissue proteins of animals, as well as from most of the other 
proteins which are commonly present m the foods of men and 
animals We should consequently expect to find the value of 
gliadm m nutrition to be different from that of other proteins 
which yield ammo-acids m proportions corresponding more closely 
with those obtained from protems of animal origin Accordingly 
we have made a large number of prolonged feeding tnals on both 
mature and growing rats, with the results described m the 
following pages 


Maintenance experiments with grown ra'9 


The illustrative protocols which are presented in graphic form 
are largely self-explanatory The abscissae of the curves represent 
days and the ordinates actual body weight (solid hne) or food- 
mtake (dotted line) m grams in the charts for ungrown animals 
the average (normal) curve of growth, plotted from body weight 
data available for normally growing animals of the same sex, is 
represented by a broken hne for comparison The food-intake 
curve is plotted from the weights of food eaten per week Where 
numbers are marked on body weight curves they indicate the 
time at which changes m the character of the feeding were insti- 
tuted 


In Charts 1, 2 and 3 are represented the results of prolonged 
maintenance tnals with full grown rats m which gliadm formed 
the sole nitrogenous intake 19 These expenments far exceed 


the longest records of tnals m any way comparable with our own 
which have been reported m the literature Hennques' records, 
for example, extend at best over only 23 days 20 A study of the 
dietaries quoted m connection with these charts will show that, 


for long periods, m several of our experiments, there was no possi- 
bility of the inclusion of any other protein than the gliadm itse 
m the make-up of the food, except m the very small quantity 0 
feces supplied during period 2 21 Thus rat 130, Chart 1, was 


19 Some of the earlier portions of the charts m this paper have a rea } 
been published elsewhere 

,0 Hennques Zeilschr f physiol Chem , lx, p 105, 1909 , . 

91 See Osborne and Mendel Carnegie Institution of Washington, 
cation 156, pt 11 , p 60 for discussion of the effect of feces t us e 
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fed for 290 days on a food entirely free from any other protein 
than gliadin, before his condition became such as to render a change 
m lus diet necessary That the failure to be longer m ain tained 
m a satisfactory condition was not due to deficiencies m the gliadm 
is proved by the rapid recovery of health and weight when the 
non-protein constituents of the food were changed by replacing 
the inorganic constituents and a part of the carbohydrate with 
“protein-free milk ” 22 A similar condition is shown by rat 134, 
Chart 2, but m this experiment the declme m weight occurred 
much earlier and the change m the non-protem constituents of 
the food had to be made after only 72 days Rat 147, Chart 3, 
was kept on the original gliadm food for 256 days, but at that 
time its loss of weight and physical condition was such that it 
could only be restored by changing the protein to casern Later 
(see period 6), the failure to thrive on the original gliadm food was 
completely remedied by the addition of “protein-free milk” to 
the diet 

A possible criticism of these experiments concerns the residual 
content of milk protem m the “protein-free milk ” Such analyses 
as we have made have indicated that the extent of this contami- 
nation cannot exceed 0 6 per cent of the entire food mixture — a 
quantity of “normal protem” far too small, as we have convinced 
ourselves by other studies directed to this point, to meet the nutrient 
deficiency of gliadm m respect to growth However, the experi- 
ments which have been conducted without the use of the protein- 
free milk bear direct testimony in favor of the conclusion that 
possible traces of contaminating milk protein cannot m any way 
explain the satisfactory maintenance of our animals, but that some 
other substance than the protem is the cause of rapid recovery 
induced by the addition of the protem-free milk 

In the hght of such long continued experiments, extending as 
they do over a very considerable portion of the natural life of an 
animal whose longevity has been estimated at about three years, 
one must accept these observations as evidence that, so far as main- 
tenance is concerned, the protein of the food can differ very widely 
m its ammo-acid make-up from the tissue proteins of the animal 
without affecting the well being of the latter 


22 See ibid p 80 
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Maintenance experiments with growing rats— failure to grow 

The following charts illustrate the inability of wheat gliadin and 
other prolamines to promote growth under dietary conditions in 
which other single proteins have been eminently satisfactory 
In Charts 4, 5 and 6 the curves of growth with casein, edestrn, 
and glutenm will be found to correspond closely, during the first 
100 days, to those observed on animals receiving mixed food 

The contrast of the trials with gliadin are striking m the extreme, 
and the results are the same if the alcohol-soluble hordem from 
barley or the gliadin from rye are used We have tested the 
gliadin of wheat, 23 Charts 7, 8 and 9, of rye, 23 ChartB 10 and 11, 
and the similarly constituted hordem of barley, 23 Charts 12 and 13 
The results are the same, whether the trials be made at a very early 
age (compare Chart 7) or somewhat later (compare Chart 12) 
In corroboration of the statement that the results described repre- 
sent true maintenance without growth, we present two experi- 
ments, one with gelatin, Chart 14, and one with zem, Chart 15, 
which show by contrast the failure of mamtenance when an abso- 
lutely inadequate protein, like those mentioned earlier, forms the 
nitrogenous constituent of the food intake 

The youthful appearance of animals thus maintained without 
growth corresponds in every respect, so far as external characters 
go, with the size rather than the age of the animal 24 That the 
failure to grow is m nowise attributable to any toxicity or inhibi- 
tory property of the specific proteins used is shown by experiments 
(see Charts 16 and 17) m which the addition of a small proportion 
of an “adequate” protein has sufficed to induce noteworthy 
growth To determine whether growth could m any way be 
induced by largely increasing the content of the “inadequate 
protein m the food mixture, special experiments w r ere undertaken 
(see Charts 18,19 and 20) The relative variations m body weight 
in relation to the larger protein intake in the two series are too 
small to be of marked significance 

13 The preparation and properties of these proteins are given by Osborne 

Aider halden’s Handbuch der biochemtschen Arbeilsmethoden, u, 1 ^ 

14 Photographs of some of our ungrown animals maintained on g ® 
will be found m Osborne and Mendel Carnegie Institution of V as w ’ 
Publication 156 pt 11 , 1911 
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Aside from their interest m furnishing a physiological differ- 
entiation between various proteins, as exemplified m the capacity 
or failure of maintenance, and the capacity or failure of growth, 
these experiments have a large field of mterest m presenting a 
method whereby the effective stunting of animals can be induced 
at any stage m the normal penod of growth We have as yet 
not determined the possible alterations m the histological make-up 
of the organs and tissues which may be correlated with the suppres- 
sion of growth There is much m the recent literature on infan- 
tilism which suggests that the dwarfing may be secondary to 
defects or alterations m organs, such as the ductless glands One 
point alone may be emphasized here, namely, that the capacity 
to grow is by no means lost even after very prolonged periods of 
stunting with the gliadm diet This is shown m Chart 7 which 
exhibits satisfactory growth on a suitable dietary after a continuous 
suppression of growth lasting 277 days, when the animal was 314 
days old — an age at which normally little or no growth takes 
place 25 

Qliadvn and gestation 

Long continued feeding with gliadm as the sole source of nitro- 
gen by no means impairs the capacity of the animal to produce 
healthy young and suitably nourish them The two animals whose 
records are presented m Charts 21 and 22 were paired and the 
female (Bat 129) gave birth to a litter of four at the end of 
178 days on the gliadm food mixture The young rats whose 
growth records are reproduced m Charts 23, 24, 25 and 26 
were nounshed satisfactonly by the mother during the first 
month of their existence, m so far as one can judge by their 
increase in weight, m comparison with that of normally reared 
rats At the end of 30 days, three rats were removed from the 
mother and put upon diets of casern food, edestm food and milk 
food respectively The fourth animal was allowed to remain m 
the cage with the mother whose sole source of nutnment was the 
original gliadm food mixture It will be noted from the records 
that whereas the three removed animals manifested a normal 
growth on their new dietaries, which had likewise proved adequate 

35 See also charts exx, cxxi, exxu and cxxni, Publication 156, pt 11 , Car- 
negie Institution of Washington 
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for growth m many other instances, the rat kept with the mother 
began to evince a failure to grow at about the period (30 days) 
when young rats are wont to depend upon extraneous food for 
nourishment In the present case this means that the young 
animal, forced to depend upon the gliadm food mixture m place of 
the milk of its mother, showed the typical failure to grow on the “inade- 
quate” diet upon which the mother had not only been maintained hut 
had actually produced young and secreted milk sufficient m quantity 
and quality to induce normal growth m her offspring No doubt 
can remain, we believe, that m this experiment, m which there 
has unquestionably been a renewal, or new formation, of bod} 
tissue, very large m proportion to the original weight of the mother 
animal, there must have occurred a synthesis not only of the “Bau- 
steme’ ’ deficient m the protein intake, but likewise of tissue and 
milk components like the nucleic acids (with their content of 
purmes, pyrimidines and organically combined phosphorus), 
and phospho-proteins, like casein, etc , which were completely 
missing m the special food mtake that had formed the sole food of 
the mother during several months Unless one were prepared to 
maintain a profound alteration in the chemical make-up of this 
“gliadm family’’ it must be admitted that synthesis m animal 
nutrition has here been demonstrated in a striking manner 

We have elsewhere 26 taken cognizance of the possible role of 
alimentary bacteria m furnishing some of the components which 
may be deficient m the dietary These synthetic organisms may 
well be able to build new ammo-acids out of a variety of substrates, 
and the possibility is thereby suggested of the production, through 
bacterial intervention, of complexes missing or deficient m the 
original food mtake We can hardly regard this possibility as an 
explanation of the ability of animals to be maintained on the 
abnormal proteins, gliadm and hordem, otherwise there is no 
apparent reason why they should not likewise be mamtame ) 
zem or gelatin, nor why growth should not also be possible wi 
every digestible protein through the intervention of the baotena 
protein complexes manufactured It is more likely that gro 

6 Cf Osborne and Mendel Carnegie Institution of Washington, F 
cation 150, pt n p 61 1911 
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hinges on the intervention of some protein complex not essential 
for the endogenous metabolism of the individual 
The unique features of growth and maintenance on the special 
proteins here considered serve to emphasize the fact that mainte- 
nance experiments alone cannot suffice to solve the problem of 
the full biochemical value of dietaries Nutrition involves an 
ensemble of processes which are determined or modified by factors 
whose real significance is only beginning to reveal itself No 
method of study involving well controlled conditions need be cast 
aside, but hasty judgment formed as the .result of brief feeding 
trials on larger animals containing an abundant reserve supply 
must henceforth be accepted with extreme caution 
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feeding by diseased lungs and a large parasite, over 40 cm long, encysted in the 
The diet during the different periods is shown below During period 2 a < u 
effect of this is discussed in Publication 156, pt 11 , p 61, Carnegie Institution of 1 , j 
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PERIODS 1 2 AND 3 



per cent 


Glladin (wheat) 

18 0 

Glladin (wheat) 

Starch 

29 5 

Protein free milk 

8ucrose 

17 0 

Starch 

Agar 

5 0 

Agar 

Salt mixture I 

2 5 

Lard 

Lard 

28 0 



100 0 
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of air-dry feces from rats on a mixed diet was given each week The possible 


PERIOD 5 


per cent 


per cent 

18 0 

Milk powder 

60 0 

28 2 

Starch 

12 0 

20 8 

Lard 

28 0 

5 0 


100 0 

28 0 



100 0 
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PERIODS 1 

Glladln (wheat) 

Starch 

Sucrose 

Agar 

Salt mixture I 
Lard 


3 AND 6 

per cent 
18 0 

29 6 
15 0 

5 0 
2 5 

30 0 
100 0 


Glladln (wheat) 

Protein-tee mitt 

Starch 

Agar 

Lard 
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d 2 a small quantity of feces from rats on a mixed diet was supplied See 


>8 4 AND 7 PERIODS 5 AND 8 


per cent 


per cent 

18 0 

Casein (cow 0 milk) 

18 0 

28 2 

Protein free milk 

28 2 

20 8 

Starch 

23 8 

5 0 

Acar 

5 0 

28 0 

Lard 

25 0 

100 0 


100 0 
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Chart 6, Rat 284 cT, shows normal growth on 
a diet containing glutemn which, together with 
an approximately equal quantity of gliadm 
forms about 80 per cent of the proteins of the 
wheat kernel 
The diet was 


Glutenln (wheat) 

per cent 
18 0 

Protein free milk 

28 2 

Starch 

23 8 

Agar 

6 0 

Lard 

25 0 


100 0 
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PERIOD 1 

^HO^POTfo 

GI lad In (wheat) 


•5j3t4reh 

Protein free milk 


jjS^d 

Starch 


!0 

Agar 


JO 

Lard 


Ttco 
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taming gliadin as the sole protein, and capacity to resume growth at a normal 
uch rats normally grow very little more 


per cent 
60 0 


Milk powder 

starch 

^ard 


period 2 


16 0 
24 0 
100 0 
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Chart 10, Rat 534 9 , shows failure to make more than 
slight growth on a diet containing gliadin from rye as its 
sole protein The animal died after 152 days of expen- 

mental feeding with diseased lungs 



The diet was 

PERIOD 1 

PERIOD 2 


per cent 

per cent 

Gliadin (-ye) 

18 0 

0 0 

Gliadin (wheat) 

0 0 

18 0 

Protein-free milk 

28 0 

28 0 

Starch 

28 0 

28 0 

Lard 

25 0 

26 0 


100 0 

100 0 


1 

fl 

■ 

■ 

■ 

B 


B 




A 

■ 


m 



■ 

B 


B 







1 ! 

-- Rije * 

) 

od n 


3 

B 

B 

§g 


B 

fl 





| 

B 

fl 

fl 

■ 

1 

fl 

fl 




Chart 11, Rat 549 o', shows failure to make more than slight gro 
on diets containing gliadin from rje and later gliadin from wheat L 
experiment was terminated by the death of the rat after 172 days of expen 
mental feeding The only abnormal condition revealed b> the autopsj wa- 
a collection of hair balls in the stomach 
The die during periods 1 and 2 was 

Gliadin (rye) 

Gliadin (wheat) 

Protein-free milk 
Starch 
Lard 


PERIOD 1 PERIOD 2 
per cent per cent 
IS 0 0 0 

0 0 18 0 

2S 0 23 0 

2S 0 2$ 0 

25 0 28 0 

100 0 100 0 
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Chart 12, Rat 255 9, shows failure to make more than slight growth on a diet con- 
taming hordcin from barley as the sole protein Hordern is \ ery much like gliadin in p j s- 
lcal properties and ammo acid make up and appears to have a similar \aluc m nutrition. 
This rat died suddenly after 249 days of experimental feeding but no cause for death waa 
shown b> the autopsy 

The diet during periods 1 and 2 was 


PERIOD 1 

Hordeln 

Proteln-fre* milk 

Starch 

Agar 

I*rd 


per cent 

18 0 Casein 

28 2 Protein free milk 
18 8 Starch 

5 0 Agar 

30 0 Lard 

100 0 


PERIOD 


per cent 
18 0 
•>S 2 
18 8 
5 0 
30 0 
100 0 


Chart 13, Rat 
250 9 shows faik 
ure to make more 
than slight growth 
on a diet contain- 
ing hordein from 
barley as the sole 
protem Hordern 
is verj much like 
gliadin in physical 
properties and 
amino acid make- 
up and appears to 
hn\e a similar 

value in nutnt.cn The animal d.ed suddenly after 220 days of experimental feeding but 
an autopsy failed to show anything abnormal 
The diet during periods 1 and 2 was 


PERIOD 1 

per cent 

PERIOD 

per cent 
18 0 

Hordeln 

18 0 

Casein 

*8 2 

Protein free milk 

28 2 

Protein freo milk 

18 8 

Starch 

18 8 

Starch 

5 0 

Agar 

5 0 

Agar 

30 0 

liird 

30 0 

100 0 

Lard 

100 0 
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Chart 14, Rat 615 o', shows failure 
to grow or even be maintained during 
period 1 on a diet containing gelatin as 
its sole protein, and recovery when one- 
half of the gelatin was replaced by glia- 
din The final fall in weight was due to 
diseased lungs which caused death 
The diet during periods 1 and 2 was 


PERIOD 1 

per cent 

Gelatin 18 0 

Protein free milk 28 0 

Starch 27 0 

Lard 27 0 

100 0 


PERIOD 2 

Equal parts of gela- 
tin food (aa In period 
1) and glladln food. 

per cent 

Glladln 18 0 

Protein free milk 28 0 

Starch 26 0 

Lard 28 _0 

100 0 



Chart 15, Rat 634 <?, shows a rapid 
decline in weight, despite a food intake 
quite sufficient for maintenance, when 
the diet contained zein as its sole pro- 
tein Note the rapid repair and growth 
when the zein was replaced by lactal- 
bunun and sudden decline when the 
rat was again placed on the zein food 
The diet in the different periods was 


PERIODS 1 AND 3 

grama 

Zein 18 0 

Protein free milk 28 0 
Starch 24 0 

Lard 30 0 

100 0 

Water 15 cc* 


period 2 

per cant 

Lactalbumin 18 0 

Protein-free milk 28 0 
Starch 29 0 


Lard 


25 0 


100 0 
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Chart 16, Rat 287 cf, shows nor- 
mal growth on a diet in which the 
protein consisted of 1 part casein and 
3 parts of gliadin Note the effect 
on the rate of growth induced by 
this Small proportion of casein Cf 
Charts 7, 8, 10, 13, 18 and 19 
The diet consisted of a mixture of 
one part of the casern food with three 
parts of the gliadin food 


GLIADIN POOD CASEIN FOOD 


Gliadin 

percent 

18 0 

Casein 

percent 
18 0 

Protein free milk 28 2 

Starch 

32 5 

Starch 

28 8 

Sucrose 

17 0 

Agar 

5 0 

Agar 

5 0 

Lard 

28 0 

Salt mixture I 

2 5 


100 0 

Lard 

25 0 

100 0 



Chart 17, Rat 280 cf, shows nor- 
mal growth on a diet in which the 
protein consisted of 1 part casern 
and 3 parts of gliadin Note the ef- 
fect on the rate of growth induced 
by this small proportion of casein 
Cf Charts 7, 8, 10 13, 18 and 19 
The diet consisted of a mixture of 
one part of the casein food with three 
parts of the gliadin food 


QLIADIN FOOD CASEIN FOOD 



per cent 


per cent 

Gliadin 

18 0 

Casein 

18 0 

Protein free milk 28 2 

Starch 

32 5 

Starch 

28 8 

Sucrose 

17 0 

Agar 

5 0 

Agar 

5 0 

Lard 

28 0 

Salt mixture I 2 5 


100 0 

Lard 

25 0 

100 0 
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Chakt 18, Rat 588 $ , shows fail- 
ure to grow on a diet containing 
ghadm as the sole protein and an 
artificial imitation of the natural pro- 
tein-free milk After 114 dayB the 
artificial protein-free milk was re- 
placed by natural, but the decline in 
weight which had begun was not 
stopped by this change The autopsi 
showed no adequate cause for death 
The diet in periods 1 and 2 was 


PERIOD 1 * 

per cent 

Glladln 18 0 

Artificial protein free milk 30 0 

Starch 22 0 

Lard 30 0 

100 0 


PERIOD 2 

per cent 


Glladln 18 0 

Protein free milk 28 0 

Starch 26 0 

Lard 28 0 


100 0 



Chart 19, Rat 594 <?, shows failure 
to make more than slight growth on a 
diet containing gliadin as its sole pro- 
tein and an artificial imitation of the 
natural protein-free milk The animal 
died after 92 days of experimental feed- 
ing Calculi were found in the bladder 
and left kidney 
The diet was 



per cent 

Glladln 

25 0 

Artificial protein free milk 

30 0 

Starch 

15 0 

Lard 

30 0 


100 0 



Chart 20, Rat 603 d\ shows failure to 
grow at normal rate on a diet containing 
gliadin as the sole protein In this ex- 
periment an artificial imitation of the 
natural protein-free milk was used This 
animal died after 105 days of expen 
mental feeding with diseased lungs 


The diet was 


G ladln 

Artificial protein free milk 

Starch 

Lard 


per cent 
35 0 
30 0 
60 
30 0 
100 0 


0 *0 60 00 !0o 
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PERIOD 1 

per cent 

Gliadta 18 o 

Protein fret) mjJk 28 2 
Starch 20 8 
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The diet was 


FEHIOD 1 


Glladln 

Protein-free milk 

Starch 

Agar 

Lard 


per cent 

18 0 Edestln 

28 2 Protein free milk 

20 8 Starch 

5 0 Agar 

28 0 Lard 

100 0 


PERIOD 2 


per cent 
18 0 
28 2 
20 8 
5 0 
28 0 
100 0 






Chart 23 Rat 378 cT shows normal growth during 284 days on a diet containing all of the ingredi 
cnts of milk Note the vigorous growth of this animal which was produced and suckled period 1 
by a mother whose food during the previous 178 dajB contained gliadin as its sole protein 
The diet was 


Milk powder 


per cent 
60 0 
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Chakt 24, Rat 379 d\ shows normal growth on a diet containing 
casern as its sole protein up to an age of 120 days The subsequent 
fall m weight is characteristic for animals thus fed and will be discussed 
m a later paper This animal was produced and suckled by a mother 
previously fed for 178 days on a diet containing gliadm as its sole pro- 


tein 

The food during period 1 was its mother’s milk, during period 2 


as follows 


PERIOD 2 


Casein 

Protein-free milk 

Starch 

Agar 

Lard 


per cent 
18 0 
28 2 
23 8 
6 0 
23 0 
100 0 
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Chart 25, Rat 380 9 , shows normal growth on a diet containing edestra 
as its sole protein up to an age of 120 days The subsequent fall in weight is charac- 
teristic for animals thus fed and will be discussed m a later paper This animal 
was produced and suckled by a mother previously fed for 178 days on a diet con- 
taming gliadm as its Bole protein 

The food during period 1 was its mother’s milk, during period 2 as follows 


Edestln 

per cent 
18 0 

Protein-freo milk 

28 2 

Starch 

20 8 

Agar 

5 0 

Lard 

28 0 


100 0 
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Chart 2G, Rat 381 9 , shows failure to grow on a diet containing gliadm 
as its sole protein, period 2, and resumption of growth when the gliadm 
of the food was replaced by casein, period 3 The experiment was termi- 
nated by the death of the animal Autopsy showed calculi in the kidneys, 
ureters and bladder This animal was produced by a mother previously 
fed for 178 da} s on a diet containing gliadm as its sole protein During 
period 1 it was suckled by its mother 
The diet was 


PERIOD 2 PERIOD 3 


Gllndln 

per cent 

18 0 

Casein 

per cent 

is 0 

Protein free milk 

28 2 

Protein free milk 

28 2 
27 0 
_27_0 

Starch 

20 8 

Starch 

Agar 

5 0 

Lard 



THE CHEMISTRY OF GLTJCONEOGENESIS 


I THE QUANTITATIVE CONVERSION OF PROPIONIC ACID INTO 

GLUCOSE 

Bi A I RINGER 

( From the Department of Physiological Chemistry of the University of 
Pennsylvania ) 

(Received for publication, August 2, 1912 ) 

Within the last ten years it has been shown conclusively that in 
diabetes the glucose may find its origin in protein Stiles and 
Lusk 1 gave a diabetic dog a mixture of ammo-acids which had 
been obtained from a pancreatic digest of meat They found an 
increase m the sugar elimination corresponding to about 40 per cent 
of the administered ammo-acids Smce then, several investigators 
have studied the fate of the individual ammo-acids m the diabetic 
organism 

Knopf 2 * obtamed a decided m crease m the glucose elimination 
in a phlorhizuuzed dog that was fed on meat and to whose diet 50 
grams of asparagine had been added Embden and his confreres’ 
fed glycocoll and alanine to depancreatized dogs and obtained a 
considerable increase m the glucose elimination Ringer and 
Lusk 4 working on phlorhizuuzed dogs, showed that glycocoll and 
t-alanme may be completely converted into glucose, and that 
aspartic and d-glutamic acid may yield glucose corresponding to 
about three carbon atoms of their respective molecules Mandel and 
Lusk 5 showed that lactic acid may also be completely converted 
into glucose Hockendorf 6 showed that the feeding of propyl 

1 Amer Journ of Physiol , i\, p 380, 1903 

5 Arch f exp Path u Pharm , xhx, p 123, 1903 

5 Beitr z chem Physiol u Path , v, p 507, 1904, vu, p 29S, 1906 

4 Zeitschr f physiol Chem , lxvi, p 106, 1910 

5 Amer Journ of Physiol , xvi, p 129, 1906 

6 Biochem Zeitschr , xxm, p 281, 1909 
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alcohol may give rise to glucose This last finding was corrobor- 
ated by Ringer and Lusk 7 

In the present senes of investigations, it is the author’s object 
to find which chemical radicals determine the conversion or non- 
conversion of ammo-acids and chemically related substances into 
glucose In this paper, the fate of propionic acid m diabetic dogs 
will be discussed 

Methods The methods employed m this senes of researches 
are similar to those descnbed by Rmger and Lusk and need not 
be repeated here Merck’s phlorhizm was used and the propionic 
acid was prepared by Kahlbaum 

The results are as follows 

EXPERIMENT I 


Twelve-hour periods 


DATE 

May 1912 

1 
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falos 

grams 

grams 


gram 

gram 1 

grarns 


20 

IV 

12 9 

6 5 

22 5 

3 46 

liM#l 

imdB 

e ta 

Fasting 

20 

V 

12 4 

6 2 

30 7 

600 

034 

019 

216 

10 grams of pro 
pionic acid 

(neutralized 

with NaOH) 
given subcu- 
taneously m 
two doses 

21 

VI 


6 G 

23 9 

4 36 

0 38 


2 71 

Fasting 


This animal was m good shape throughout the experiment The 
first three penods were devoted to other studies, which will be 
reported elsewhere At the beg inni ng of the fifth penod, the 
animal received subcutaneously 10 grams of propionic acid which 
had been dissolved m 70 cc of water and neutralized with NaOH 
As is seen from the D N ratio, not all of the extra glucose was 
eliminated in that period, but some was carried over to the sixt 
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period 8 The D N ratio fluctuates from day to day to but a slight 
extent Any change that may occur is usually m a downward 
direction, and this method of calculating the "extra” glucose 
really represents minimal results If we assume that, without 
the influence of the propionic acid, the D N ratio m periods V and 
VI would have continued at 3 46 1 (since the animal eliminated 
11 7 grams of nitrogen m these two penods) then the amount 
of glucose m these two periods should have been (11 7 X 3 46) 
40 5 grams The actual amount of glucose eliminated was 54 6 
grams, which shows that 14 1 grams of glucose came from the 10 
grams of propionic acid 

EXPERIMENT II 


Twelve-hour periods 


DATE 

June 1912 

G 

O 

H 

s 

1 

TOTAL N 

TOTAL GLUCOSE 


£ 

£ 

£ 

ACETONE AND 

A CETO- ACETIC 
ACID 


nEMAnics 

15 

IV 

Kilos 

14 0 

grams 

5 4 

prams 

19 3 

3 58 

pram 

0 37 

pram 

0 23 

pram* 

1 94 

Fasting - 

15 

V 


46 

249 

5 46 

018 

016 

1 69 

10 grams of pro- 

16 

1 

i VI 


44 

191 

4 33 

0 18 

0 19 

2 29 

piomc acid as 
above given 
per os 

Fasting 

16 

j VII 


4 5 

15 1 

3 37 

0 23 

0 13 

2 31 

Fasting 


In this experiment, as in the first, “extra” glucose was elimi- 
nated after feeding sodium propionate The D N ratio m the fore 
and after period was 3 58 and 3 37, if we take the mean — 3 47 — 
for periods Y and VI, and apply the same method of calculation 
as above, we find that the 10 grams of propionic acid yielded in this 
case IS 8 grams of glucose 

Experiment III is corroborative of the first two Here the 
"extra” glucose is completely eliminated m period III The D N 
ratio in periods II and IV is 3 9 and 3 65 By taking the mean of 

' The extra glucose was identified as such through the correspondence of 
the figures obtained by the polanscopic determination with those of Allihn’s 
gravimetric method \ 
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EXPERIMENT HI 


Twelve-hour periods 


DATB 

Juno 1912 ] 

Q 

O 
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t* 
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H 

TOTAL OLUCOSB | 
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< < 
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REMARKS 

2 ! 

II 

kilos 

\ 12 3 

grams 

8 20 

grams 

31 97 

i 3 90 

gram 

0 212 

Fasting 

2 1 

III 


806 

47 46 

688 

0 070 

10 grams of propionic acid 

3 

IV 


8 30 

j 

30 36 

3 65 

0 192 

neutralized with (NHOiCOj 
gnen subcutaneously in two 
doses 

Fasting 

3 

V 

11 71 

8 32 

28 29 

3 40 

0 196 

Fasting 

4 

VI 


8 08 

29 34j 3 63 

0 222 

Fasting 


these two as the ratio for period III, we find that 17 1 (8 06 X 
3 77 = 30 39 47 46 — 30 39 = 17 07) grams of glucose came from 

the propionic acid 

DISCUSSION 

If all of the carbon of the propionic acid goes over into glucose, 
10 grams of propionic acid can give nse to 12 2 grains of glucose 

CH, 


2 CH- 

! 

> C#Hi O. 


1 

COOH 



148 

180 


In the experiments reported above, we find that m every case more 
glucose was eliminated than can be theoretically attnbuted to the 

propionic acid 






EXPERIMENT 

EXTRA GLUCOSE 

RETICAL GLUCO0E VALCt 

OF PROPIONIC 1CIP _ 

I 

14 1 

1 9 

II 

12 8 

0 6 

III 

17 1 

4 9 
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The excess m the first two experiments may be attributed to 
errors m calculating the “assumed” D N ratio The value m III 
is a little too high Its significance vail be investigated m the 
near future 

Up to the present time, it was believed that for the conversion 
of a substance into glucose, an alcohol, aldehyde or a ketone radi- 
cal m the molecule was essential This is the first proof to the 
contrary It shows very clearly that a fatty acid may be 
converted into glucose 


SUMMARY 

Three experiments were performed on phlorhizimzed dogs, which 
received 10 grams of propionic acid either subcutaneously or per 
os The results justify the conclusion that the propionic acid 
is completely converted into glucose 
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